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 e initial dose of aspirin for Kawasaki disease (KD) is controversial to a great extent. In order to compare the e�cacy of high-dose
and low-dose aspirin in the treatment of KD, this study included articles containing information on the treatment of KD with
aspirin before August 2021, which were collected from public databases.  e results of di�erent studies were summarized and
weighted by an inverse variance model, and heterogeneity was assessed using the Q-test and I2. Ameta-analysis of 12258 patients
from nine retrospective studies was conducted. In general, no signi�cant di�erences between high-dose and low-dose groups were
found in the incidence of coronary artery abnormality (CAA) (RR� 1.154; 95%CI� 1.027–1.316) and the incidence of intravenous
immunoglobulin (RR� 0.926; 95% CI� 0.594–1.441). But high-dose aspirin might be linked to the shortened duration of fever
(RR�−0.134; 95% CI�−0.203–0.064) as well as hospitalized stay (RR�−1.263; 95% CI�−1.392–1.122). Conclusion. For the
treatment of the acute phase of KD, low-dose aspirin plus intravenous immunoglobulin could be as e�ective as high-dose aspirin
in preventing CAA. Nonetheless, high-dose aspirin might be related to reducing fever time and hospitalization time.

1. Introduction

Kawasaki disease (KD), also known as mucosal cutaneous
lymph node syndrome, is an acute, self-limited vasculitis
that predominantly a�ects children under �ve years of age
[1,2]. Initial symptoms include high fever, in�ammation of
the skin mucosa, and neck lymphadenopathy. Coronary
artery abnormalities (CAA), usually developing in 15% to
25% of all patients during the �rst two weeks of the disease,
are regarded as the most severe complication of KD [3]. At
present, KD is considered to be one of the most main causes
for acquired heart disease among children in developed
countries [4,5].

Although the cause of KD is still unclear, recent studies
have observed the dysfunction of innate immune responses
in the process of CAA [6]. At the initial stage of the disease,
neutrophils in�ltrated into the adventitia of the coronary

artery wall from the intima. In�ammation leads to the
destruction of the structural integrity of the coronary arteries
and laminar �ow. erefore, treatment against in�ammation
and platelet thrombosis is widely accepted as primary care.

In order to prevent coronary artery complications, the
American Heart Association recommended giving 2 g/kg
intravenous immunoglobulin (IVIG) plus 80–100mg/kg/
day high-dose aspirin (acetylsalicylic acid, ASA) in the acute
stage of KD [7]. Similarly, IVIG (2 g/kg) plus 30–50mg/kg/
day of moderate-dose aspirin was recommended by the
Japanese Society of Pediatric Cardiology and Cardiosurgery
until the patient had no fever [8]. After that, patients need to
receive low-dose aspirin (3–5mg/kg/day) for 6–8 weeks. e
combined application of aspirin and IVIG at a high dose
(>30mg/kg/day) might exert strong anti-in�ammatory,
anti-platelet, and immunomodulatory functions. It is worth
noting that although the therapeutic e�ect of IVIG is
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recognized as the key measure to prevent the formation of
CAA in KD, the appropriate dose of aspirin is still widely
controversial.

Many studies, including clinical trials andmeta-analyses,
show that the efficacy of low-dose aspirin (3–5mg/kg/day) in
treating KD is not inferior to that of high-dose aspirin
(>30mg/kg/day) [9,10]. In addition, the adverse effects of
high-dose aspirin, including anemia, gastrointestinal
bleeding, Reye syndrome, and sensorineural hearing loss,
have attracted people’s attention for a long time [11].

Hence, the initial dose of aspirin used in the initial stage
of KD is a highly controversial subject. It is necessary to
conduct a comprehensive meta-analysis by using the latest
clinical evidence to comprehensively evaluate and compare
the effects of high-dose aspirin and low-dose aspirin in the
initial treatment of KD.

2. Methods

2.1. Research Type. Controlled studies or cohort studies
published in China and abroad are the research type; lan-
guages are limited to Chinese and English.

2.2. Study Population. ,e study population was based on
the subjects who meet KD-related diagnostic criteria and at
the stage of initial use of aspirin, regardless of gender.

2.3. Intervention Measure. Children in the experimental
group were treated with high-dose or low-dose aspirin, while
children in the control group were treated with different
drugs or different doses of aspirin than those in the ex-
perimental group.

2.4. Inclusion and Exclusion Criteria. ,e Population-In-
tervention-Comparison-Outcome (PICO) strategy was ap-
plied for data inclusion. Generally, the stratified patients
were children with a clear diagnosis of KD. All qualified
studies include IVIG plus aspirin intervention in the
treatment of acute KD. ,e comparison was made between
the administration of high-dose (>30mg/kg/day) aspirin
and low-dose (<10mg/kg/day) aspirin in KD treatment. ,e
observed results included the incidence of CAA, the inci-
dence of IVIG resistance, the duration of fever, and hos-
pitalized stay.

2.5. LiteratureSearchStrategy. An extensive literature search
was conducted using keywords [‘Kawasaki syndrome’ OR
‘Lymph node syndrome, mucocutaneous’ OR ‘Kawasaki
disease’] AND [‘Aspirin’ OR ‘Acetylsalicylic Acid’ OR ‘Acid,
Acetylsalicylic’ OR ‘2-(Acetyloxy)benzoic Acid’ OR ‘Acyl-
pyrin’ OR ‘Aloxiprimum’ OR ‘Colfarit’ OR ‘Dispril’ OR
‘Easprin’ OR ‘Ecotrin’ OR ‘Endosprin’ OR ‘Magnecyl’ OR
‘Micristin’ OR ‘Polopirin’ OR ‘Polopiryna’ OR ‘Solprin’ OR
‘Solupsan’ OR ‘Zorprin’ OR ‘Acetysal’] in [Title/Abstract] to
acquire potential qualified studies from public databases of
PubMed, Web of Science, Ovid, EMBASE, and Cochrane
Library before August 2021. Written language was restricted

to English. ,e selected paper was composed of two authors
(L.K. andW.L.) independently to determine whether a study
was suitable for inclusion. A third author (G.L.) joined and
reassessed the paper when disagreement occurred. After the
differences were resolved, all the papers unanimously sup-
ported by the authors were selected for meta-analysis.

2.6. Data Extraction. Data from selected papers were col-
lected by two authors (L.K. and G.L.) independently. In-
formation was collected, including publication year, first
author’s name, the total number of enrolled patients, clinical
characteristics, aspirin dose, IVIG dose, quality evaluation of
the study (NOS score), and major and minor outcomes of
the patients.

2.7. Quality Evaluation. All enrolled studies received a
methodological evaluation by two authors (L.K. and G.L.),
respectively, using Newcastle–Ottawa scale (NOS) scoring
system. ,e assessment was based on criteria of participant
enrollment, comparability of different treatments, and
outcome measurements. Briefly, studies with more than six
stars were regarded as high quality and suitable for further
analysis.

2.8. Statistical Analysis. After data extraction and evaluation
as mentioned above, the relative risk (RR) for dichotomous
outcomes and the mean difference (MD) for continuous
outcomes were calculated. Statistical analysis was performed
using Stata 16.0 statistical software. Results from different
studies were pooled and weighted via the inverse variance
model. A two-tailed P value of less than 0.05 was considered
statistically significant. Once the studies were synthesized,
the heterogeneity was assessed with the Q test and I2. Values
of I2 less than 25%, from 25 to 50%, and over 50% repre-
sented a low, moderate, and high level of heterogeneity,
respectively. In addition, subgroup analysis regarding the
different aspirin dosages and sample sizes as well as meta-
regression test was subsequently performed to exclude inner
bias among studies.

3. Results

3.1. Target Study Enrollment. ,e model included in the
literature is shown in Figure 1. After eliminating duplicates,
a total of 614 studies were selected from databases. After
reviewing titles and abstracts, 116 articles of interest were
identified. All the 116 papers were read in full to evaluate the
suitable meta-analysis paper. Finally, nine retrospective
cohort studies (RCS) were selected for further analysis.

3.2. Demographic and Clinical Characteristics of Enrolled
Studies. ,e clinical features of all selected studies are
summarized in Table 1 [11–19]. According to the recom-
mendations of the American Heart Association and the
Japanese Circulation Society, all studies used the same dose
of IVIG and different doses of aspirin for treatment. For
counting, 12258 involved patients were divided into 2495
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patients in the high-dose aspirin group and 9763 patients in
the low-dose aspirin group.

Of the nine registered studies, six applied 80mg/kg as
high-dose aspirin treatment, while the other three applied
30mg/kg. Unanimously, the low-dose aspirin group used a
dose of 3–5mg/kg. Moreover, all studies have reported that
the incidence of CAA formation is the main result (Table 2).
For secondary outcomes, five studies reported the incidence
of IVIG resistance, three studies reported the duration of
fever, and three studies reported the length of hospitalized
days. Notably, eight out of nine studies received more than
six stars in the NOS scoring system, which reflected that they
were suitable for further meta-analysis.

3.3. Incidence of Coronary Artery Abnormality. All the CAA
occurrence data in the studies were imported into the
software Stata SE, and the fixed Mantel–Haenszel model was
used to compare between the high-dose and low-dose as-
pirin groups (Figure 2). ,e level of heterogeneity was
considered at a low level with I2 �17.6, and P� 0.286
(RR� 1.154 and 95%CI� 1.027–1.316). ,e result indicated
no significant difference between the two groups in CAA
incidence. ,e publication bias was checked with Egger’s
test. A P value of 0.579 showed that no obvious publication
bias was observed.

According to different aspirin doses recommended by
American and Japanese societies for the initial treatment of
KD, North America usually uses a high-dose choice of over
80mg/kg, while Asia often uses a dose of over 30mg/kg.
,erefore, subgroup analysis was further applied to check if
different high-dose strategies affect CAA formation

(Figure 3). In line with general results previously, subgroups
using ≥80mg/kg or ≥30mg/kg aspirin exposed only little
difference in CAA incidence.

Subsequently, a meta-regression analysis was conducted
to determine whether some factors had a significant influ-
ence on heterogeneity. Potential factors including the choice
for high-dose aspirin treatment and sample size underwent
meta-regression analysis.,e results showed that the dose of
aspirin has little impact on heterogeneity with P val-
ue� 0.655 and 95% CI� −1.052–0.750. Similarly, the size of
the study might also not have a significant correlation with
heterogeneity with P value� 0.775 and 95% CI between
−0.759–0.978.

3.4. Incidence of IVIG Resistance. To date, cases with IVIG
resistance reported in five out of nine studies were also input
into Stata software for analysis (Figure 4). Surprisingly, the
result revealed no significant difference between the two
groups in the incidence of IVIG resistance (RR� 0.926; 95%
CI� 0.594–1.441). However, high heterogeneity (I2 � 90.2%;
P� 0.001) implied that inner differences might exist among
studies and further investigation is required.

3.5. Duration of Fever and Length of Hospitalization. In
addition, other secondary outcomes were evaluated, in-
cluding the duration of fever and the length of hospitali-
zation. In specific, three studies provided information about
the duration of moderate heterogeneous fever (Figure 5).
Unsurprisingly, compared with the low-dose group, high
dose of aspirin is associated with a shorter duration of fever,
reflecting the potential beneficial effects of increasing aspirin
dose.

In addition, the length of hospital stay was also checked
using data from three papers (Figure 6). Inconsistent with
the previous report, the application of high-dose aspirin
might be a factor cutting the length of stay in the hospital
[20]. Nevertheless, the high heterogeneity was not to be
neglected.

4. Discussion

In the years after KD was first reported, pediatricians soon
realized that a small number of patients died suddenly
within two to three weeks after the fever began. It was not
long until doctors found that CAA was the main cause of the
accidental death [21,22]. Nowadays, in developed countries,
KD is recognized as the leading cause of acquired heart
disease in children [23]. In the 1980s, a series of clinical trials
laid the foundation of the standard treatment of KD. ,e
efficiency single shot of high-dose IVIG plus aspirin has been
learned and soon established as the standard therapy for
preventing the development of CAA in KD [24,25]. Nev-
ertheless, the dose of aspirin has been controversial for a
long time, and its specific mechanism is still unclear.

Because of its anti-inflammatory and antithrombotic
properties, aspirin has been used for KD treatment long
before it was applied as IVIG, but there is little information
about its role in preventing CCA. When evidence

Preliminary search in Pubmed,
Web of Science, Ovid, Embase

and Cochrane Library
(n = 782)

Title and abstract reviewed
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Full-text articles red and
assessed for eligibility
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Figure 1: Schema flow of search strategy and history to compare
the efficacy of high-dose and low-dose aspirin.
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accumulated and the predominant role of IVIG in managing
CCA formation was eventually established, high-dose as-
pirin was applied concomitantly and hence added to the
standard protocol of KD treatment. Nonetheless, unlike the
appropriate dose of IVIG, which has been clari�ed and
accepted unanimously, the optimal dose of aspirin in KD
treatment has been debated for a long time. Recent studies
proposed that the usage of low-dose aspirin (3–5mg/kg per
day) was not inferior to the higher-dose mentioned above.
One study has proposed that the incidence of growing CAA
changes little when aspirin was applied in high dose, low
dose, and no aspirin at all.

According to these previous reports, the meta-analysis
of our study demonstrated that there is no obvious cor-
relation between aspirin dose and the incidence of CAA
with minimal heterogeneity. Additionally, the quality and
results of the selected cohort were evaluated by NOS score,
meta-regression test, and sensitivity analysis. Factors
including publication bias, sample size, dosage selection of

the high-dose group, or discordant results from individual
studies might have no signi�cant impact on the overall
conclusion. Although the etiology of KD and KD-related
arteritis is still not clear, several factors have been noticed
as candidate genes in KD. For example, the activation of
immune cells (neutrophil and T cell) and multiple cyto-
kines (TNF-α, IL-6, and IL-10) have been reported to be
involved in the pathogenesis of KD and artery injury
[26,27]. Unfortunately, the pharmaceutical mechanism of
aspirin in CAA formation remains obscure, and well-
designed randomized clinical trials would be needed in the
future.

Generally, IVIG resistance occurs in 10% of patients,
who have a signi�cantly high risk of CAA and other adverse
e�ects [28].  erefore, the incidence rate of IVIG would be
crucial for the outcome of KD patients. Surprisingly, our
result showed that there was no preference in the risk of
IVIG resistance. However, the high heterogeneity in the
analysis was not to be overlooked. In fact, two retrospective

Table 2: Comparison between high-dose and low-dose aspirin groups.

Author

High-dose aspirin group Low-dose aspirin group

Dose (mg/
kg/day)

CAA
(n)

Days of
fever

Days in
hospital

IVIG
resistance (n)

Dose
(mg/kg/
day)

CAA
(n)

Days of
fever

Days in
hospital

IVIG
resistance (n)

Platt et al. 75.5 10 — 3 (1) — 4.4 10 — 3 (1) —
Dhanrajani et al. 80–100 6 — — 11 3–5 2 — — 28
Huang et al. 30–50 136 — — 28 3–5 15 — — 86
Dallaire et al. 80 174 7.8 (3.8) — 207 3–5 81 7.9 (2.6) — 100
Kuo et al. >30 52 — 6.3 (0.2) 31 3–5 84 — 6.7 (0.2) 38

Lee et al. 80–100 3 6.2 (8.3) — 22 3–5 2 13.3
(13.5) — 8

Kim et al. >30 1968 5.7 (2.2) — 838 3–5 93 6.1 (1.9) — 86
Rahbarimanesh
et al. 80–100 1 — 6.1 (1.3) — 3–5 2 — 6.36 (2.8) —

Saulsbury 80–100 0 — — — 3–5 0 — — —

Platt 2019

Dhanrajani 2018

Huang 2017

Dallaire 2017

Kim 2016

Kuo 2015

Rahbarimanesh 2014

Lee 2012

Saulsbury 2002

Overall, MH (I2 = 17.6%, p = 0.286)

Author
Year

Risk Ratio
(95% CI)

Weight
(%)

1.20 (0.52, 2.79)

2.88 (0.59, 14.00)

0.86 (0.53, 1.40)

0.92 (0.73, 1.17)

1.36 (1.12, 1.64)

1.11 (0.81, 1.52)

0.78 (0.07, 8.17)

0.59 (0.10, 3.45)

0.96 (0.09, 10.04)

1.15 (1.02, 1.31)

2.29

0.52

7.79

28.60

44.14

15.20

0.40

0.72

0.35

100.00

0.0625
NOTE: Weights are from Mantel-Haenszel model

1 16

Figure 2:  e relative risk of coronary artery abnormalities identi�ed in the meta-analysis from nine enrolled studies.
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studies (Dhanrajani 2018 [13] and Kim 2016 [16]) with a
large sample size concluded that high-dose aspirin was
positively linked to reducing the risk of IVIG resistance.
Besides, another meta-analysis also carried out a similar
conclusion, indicating the complex nature of the subject
[29]. Last but not least, a high-dose aspirin was related to a
shorter fever time and shorter hospital stay of KD patients,
which may be due to the anti-in�ammatory property of
aspirin.

4.1. Limitations. Based on the meta-analysis, our study has
several limitations. Firstly, despite the study aimed to in-
clude as many quali�ed studies as possible, few studies were
missing or disputably discarded. Secondly, as all the enrolled
papers were retrospective studies, more randomized clinical
trials should be added to the analysis to minimize the in-
trinsic di�erences between studies. Finally, most studies
contained only records of short-term follow-up.  e long-
term e�ect of aspirin as the treatment for KD is still unclear.
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5. Conclusion

To conclude, the meta-analysis of our study clearly indicated
that the dose of aspirin poses no obvious e�ects on pre-
venting CAA as well as IVIG resistance in KD patients.
However, high-dose aspirin might be linked to a shorter
febrile and total hospital stay, compared to patients with
low-dose aspirin.
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Griseofulvin (GF) is a hydrophobic drug with a low solubility. In order to improve the solubility of GF, which has low water
solubility, this report uses the spray-drying technique to prepare complexes with lactose to promote the solubility and oral
bioavailability of GF. �e solution samples were spray dried using di�erent ratios of ethanol or acetone solutions as dissolution
media. By characterization of the obtained spray-dried powders, we found that the solubility of the di�erent groups of samples
obtained by spray drying was increased, and similarly, their dissolution rates were also increased to di�erent degrees. By
comparison, the greatest increase in solubility was obtained in an aqueous acetone solution, showing the greatest ability and
e�ciency of acetone in promoting the solubility of GF during the spray-drying process.

1. Introduction

Griseofulvin, (2S, 6′R)-7-chloro-4, 6-dimethoxybenzofuran-
3-one-2-spiro-1′-(2′-methoxy-6′-methylcyclohex-2′-en- 4′-
one), was primly isolated from Penicillium griseofulvumin
1939, and it is one of the �rst batches of antifungal natural
drugs that were found and developed [1]. GF is widely used
as an antibiotic and antifungal drug, which inhibits the
growth of dermatophytes, possibly by preventing micro-
tubulin polymerization and destroying spindle formation,
thus inhibiting fungal mitosis and nucleic acid synthesis.
Clinically, GF can be used as the preferred drug for tinea
cephalis; meanwhile, it is suitable for treatment in toenail
infections and other ringworms. �ere are some side e�ects
of GF including headaches, gastrointestinal reactions, and
skin rash. Since it is mainly distributed in the epidermal
stratum corneum, its toxicity to humans is relatively low, so
it is generally used for oral treatment of dermatitis [2, 3].�e
antibacterial activity of GF is predicted through a computer
aided-technique at present [4]. It was also examined that GF
has potential antiviral and anticancer e�ects [5, 6].

GF is a hydrophobic drug with a low solubility. �e
solubility in the PBS as measured by Petersen et al. [7] is
about 7.7(μg/mL), while in the water, measured by �akkar
et al. [8], it is about 15(μ/mL). As its e�ective dose is close to
the limit of toxicity, the preparation of GF must be carefully
designed to achieve maximum absorption. Hence, the water-
insolubility characteristics of GF should be improved. In
order to increase its solubility in water and improve bio-
availability, not only maximum absorption of the drug is
achieved but also the dose administered can be reduced and
the risk of toxicity is reduced. Solubility in water has become
an outstanding factor in improving the e�cacy of GF. On the
chemical side, changes in molecular structure have been
reported to increase the solubility of GF. Amorphous solid
dispersion can e�ectively replace the method of changing
molecular structure for increasing solubility [9]. Recently, a
series of preparation methods have successfully improved
the solubility of GF. For instance, micro- and nano-
structured GF is �xed to a silica structure [8], the solvent of
GF was prepared into a new polymer dispersion [10], and
taking advantage of supercritical ¡uid- (SCF-) assisted
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atomization, we prepared micronized GF [11]. We improve
the dissolution performance and bioavailability of the drug
by nonionic surfactant vesicles (niosomes) [12], nano-
crystalline form, and a self-emulsifying drug delivery system
(sedds) [13] for oral administration.

It showed that GF can improve the dissolution behavior
of amorphous solid dispersion particles by reducing the
particle diameter and inhibiting its recrystallization [14].*e
incorporation of surfactants and the preparation of amor-
phous solid dispersion by spray drying can enhance the
miscibility and solubility of GF in water [15]. *rough
studies and comparisons, the solubility of Gleevec in ethanol
and acetone was found to be quite high [16, 17]. *e ex-
periment dissolves the GF into ethanol or acetone and
dissolves lactose into water, using the spray drying technique
and atomizing the solution or suspensions. *e small
droplets are quickly dried in the high-temperature airstream
to obtain fine powder [18]. In this process, spray-drying
techniques transform crystalline hydrophobic drugs into
amorphous morphology, and the amorphous drug loose
lattice structure has good solubility in water.

*e aim of the present article was to develop oral bio-
availability of GF through the spray-drying technique (GF
dissolved in ethanol/acetone and lactose dissolved in water
in certain proportions, respectively) according to suitable
parameters to obtain the dried products, and their disso-
lution properties and various physical and chemical char-
acteristics were characterized.

2. Design of Spray-Drying Experiments

2.1. Preparation of the GF Solution. For each experiment, a
GF solution was freshly prepared at a concentration of
2.5mg/ml, where the solvent used for sample A was water :
ethanol in the ratio of 100 : 0v/v, sample B water : ethanol in
the ratio of 50 : 50v/v, and sample C water : acetone in the
ratio of 50 : 50v/v. Prior to the configuration of the preceding
sample solutions, 9.5g of lactose was first added to the three
waters to ensure complete dissolution of the lactose and a
consistent ratio of solid components in each sample. After
the lactose was completely dissolved, the aqueous lactose
solution was slowly poured into ethanol/acetone and then
stirred thoroughly at a slow speed (100 rpm/min) to prevent
the lactose from precipitating under vigorous stirring. A
solution of each sample was obtained, stirred, and set aside.

2.2. Spray-Drying Process. *e experimental procedure was
performed using a small spray dryer (Shanghai YC-015).
Spray drying was carried out at a nitrogen gas flow rate of
25 kg/h and a solution flow rate of 12ml/min using a nozzle
of 0.5mm diameter. *e three solutions were completed by
three spray processes under the same conditions, respec-
tively. *e parameters of the three spray-drying processes
were unchanged, fan frequency 50.0Hz, inlet air tempera-
ture 130± 1°C, outlet air temperature 120± 3°C, and spray
pressure 0.20MPa. After the completion of the spraying
process, the powder of each sample was obtained in the
collection hopper, and sample B was dried at a flow rate of
12ml/min. *e samples were sealed and stored.

2.3. Characters of Samples

2.3.1. Dissolution Experiment. Separate samples of 0.35 g
were compressed into tablets under the same pressure and
prepared in triplicate to obtain the disintegration dissolution
data. *e dissolution data were obtained by using an
RC1210G solubility meter (Xinzhi, China), the extraction
method was the paddle method, the speed was 75 rpm/min,
the temperature was 37.0± 0.1°C, and the sampling height
was 750mL. During the dissolution process, 1.0ml was
sampled separately using a sampling needle at the same
interval, and the standard solution was replenished in time
until the dissolution process was finished.

2.3.2. Ultraviolet-Visible Spectrophotometer (UV-Vis).
*e solution obtained from the dissolution experiment was
filtered into the microporous filter membrane and config-
ured as the required sample, and the absorbance was de-
tected by using a UV-Vis spectrophotometer to draw the
dissolution curve; we measured the maximum wavelength at
321 nm. *e instrument used was a UV-2401 pc spectro-
photometer, Shimadzu, Kyoto, Japan.

2.3.3. Differential Scanning Calorimetry (DSC).
*ermodynamic analysis of each group of sample powders
was carried out using a differential scanning calorimeter
(HSC-4 DSC, Henven, China). Samples for DSC determi-
nation were prepared in sealed, curled aluminium pans
according to standard procedures. Approximately 7.0mg of
each specimen was used for analysis. In the test, the samples
were heated from 30°C to 350°C at a rate of 5°C/min.

2.3.4. Fourier Transform Infrared Spectroscopy (FTIR).
Fourier transform infrared spectroscopy (FTIR) was used to
study each group of samples and the corresponding raw
materials. For preparation, KBr particles were predried,
ground homogeneously, and mixed with each sample
powder, pressed into transparent sheets, and placed in a
mold, which were scanned in a Nicolet 6700 FTIR spec-
trometer (*ermo Fisher Scientific).

2.3.5. Scanning Electron Microscopy (SEM). *e sample
powder was uniformly coated with gold, and subsequently,
the sample was placed on an aluminum sample peg with a
carbon tape. *e gold-plated samples were examined with a
JSM-7200F scanning electron microscope (SEM, JEOL Ltd.).

2.3.6. �ermogravimetric Analyzer (TGA). Samples were
analyzed using a thermogravimetric analyzer (TGA Q5000
V3.17 Build 265). In this process, N2 is used as an equi-
librium gas. *e temperature during thermogravimetric
examination is 35–350°C, and the heating rate is 5°C/min.
*e sample is placed in an alumina pan to be examined.

2.3.7. N2 Adsorption. Mesoporous adsorption experiments
were performed on the powder samples separately to
evaluate the differences in pore size distribution, surface
area, and pore volume of the different samples.
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2.3.8. X-Ray Diffraction (XRD). *e powder samples were
studied by XRD analysis using a Siemens D5000 diffrac-
tometer to investigate the compositional similarities and
differences.

3. Results and Disscusion

*e solutions obtained from the dissolution experiments
were passed through a 0.22 μm filter membrane and diluted
at the same multiples to obtain test samples. *e absorbance
was measured with a pc UV-Vis spectrophotometer UV-
2401, and the dissolution curves were plotted as shown in
Figure 1. For the physical mixture, the solubility of GF in
water was low, and after the spray drying treatment, the
solubility and dissolution rate of both groups of powders
increased. Comparing sample A and sample B, we found that
the solubility of GF was significantly higher in sample B, but
the dissolution rate was smaller than that of s3ample A and it
took more time to reach dissolution equilibrium. *is may
be due to the greater proportion of GF dissolved in acetone
at the same solid-to-liquid ratio and the fact that more of the
GF crystal structure was disrupted during the spray drying
process, resulting in a large amount of amorphous solid GF,
leading to a significant increase in its solubility. Similarly, in
this process, due to the lower solubility of lactose in acetone,
more lactose crystals precipitate prior to the high-temper-
ature drying process and the proportion of amorphous
lactose is reduced, making the whole systemmore difficult to
break down and dissolve. Various facts show that the
amorphous form of GF after dissolution in organic solvents
and after the spray-drying process increases the solubility of
GF in water considerably.

We measured the IR spectra of raw materials, physical
mixtures, and spray-dried samples, as shown in Figure 2.*e
absorption peaks of the raw material lactose and GF at all
wavelengths were present in the physical mixture. For the
spray-dried sample, most of its sharp absorption peaks
disappeared and merged into flat, blunt absorption peaks,
with reduced density and strength of hydrogen bonds and
reduced crystallinity, indicating the appearance of amor-
phous products, whether ethanol or acetone was used as the
solvent. Sample B has a smoother peak in the GF charac-
teristic peak region than sample A, indicating the generation
of more amorphous GF.

We performed thermal analysis for each raw material
and spray-dried samples. By analyzing the DSC curves of the
samples (Figure 3), the heat absorption peaks of crystalline
water and lactose crystals of lactose appeared at 148°C and
209°C, respectively, while the heat absorption peak of GF
appeared at 220°C. In the physical mixture, the position and
peak shape of the heat absorption peak of lactose remained
basically unchanged. *e heat absorption peak of melting
GF crystals moved to the low-temperature region to 215°C,
which may be when the less content reduced its melting heat
absorption time, resulting in narrowing of the peak width
and shift of the peak top position to the low-temperature
region. For sample B, the residual acetone boiling point is
lower than that of ethanol, which shifts the peak position to
the low-temperature region relative to sample A. *e heat

absorption peak similar to that of lactose crystalline water at
130–140°C is larger and higher than that of sample B in the
TGA curve (Figure 4), and both samples showed the same
weight loss trend. However, the derivative weight loss curves
suggest that sample B may have a more complex crystalline/
noncrystalline structure.

According to the XRD curves (Figure 5), the α-lactose
peaks in both samples were 12.5°, 19.1°, 19.6°, and 19.9° at 2θ,
respectively, and the peaks of β-lactose at 2θ�10.5° were
absent in both samples, suggesting that both ethanol and
acetone can inhibit the variable-spin behavior of lactose to
some extent [19, 20]. In the interval 5–45°, the peak positions
of the two samples were basically the same, but the lactose
peak of sample B was significantly sharper and steeper than
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Figure 1: Release spectra of GF tablets in the two samples and
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Figure 4: *e TGA curves of the two spray-dried samples.
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Figure 5: XRD curves of the two spray-dried powders.
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that of sample A, suggesting the production of more
amorphous lactose, which was consistent with the disso-
lution curves. *is can also be observed in the SEM image
(Figure 6).

Sample A and sample B exhibit completely different
states in the field of view of SEM (Figure 6). Sample A is a
lamellar structured aggregate with a smooth surface; sample
B exhibits porous aggregates of various fine crystal particles.

A1 B1

B2

B3A3

A2

Figure 6: SEM images of the two spray-dried powders in 5000x, 2000, and 1000, respectively (A1–3 for sample A; B1–3 for sample B).
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Figure 7: *e nitrogen adsorption curve. Isotherm linear plot (a) and BJH adsorption dV/dlog (w) pore volume (b) of sample B.
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*e two fields of view indicate different crystalline/non-
crystalline states, suggesting that most of the lactose in
sample A may be present in an amorphous form. For sample
B in the porous state, we performed a nitrogen adsorption
experiment to calculate and evaluate its pore structure
(Figure 7). Its BETadsorption and desorption curves visually
represent its porous nature. *e average pore size was
calculated by analysis to be about 8.7 nm, cumulative volume
of pores between 1.7000 nm and 300.0000 nm width:
0.073814 cm3/g, and its large pore volume may provide its
better compressibility.

4. Conclusions

*e solubilisation of insoluble drugs GF is a simple and
practical study. In this experiment, we spray-dried GF with
ethanol and acetone as dispersion media, respectively, and
solubilisation was achieved with both solvents, with a 5–10-
fold increase in the solubility of GF after the experimental
manipulation. Moreover, the solubilisation efficiency of GF
was higher with acetone than with ethanol. Interestingly, the
different solvents also had different effects on the properties
of the spray-dried excipient lactose. *is may provide ideas
for programmed manipulation of the solubilisation of in-
soluble drugs and modulation of their solubilisation
behaviour.
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Ischemic stroke is the most common type of stroke. Intravenous thrombolytic therapy with alteplase is currently the most effective
method to improve the prognosis of patients with acute cerebral infarction.-e purpose of this study was to investigate the efficacy
and safety of intravenous thrombolysis with alteplase in patients with acute ischemic stroke combined with atrial fibrillation and
to analyze the related influencing factors. It turns out, alteplase intravenous thrombolysis is effective for patients with ICS
combined with atrial fibrillation, and the incidence of sICH are lower than those without alteplase intravenous thrombolysis, but
the efficacy is worse than that of patients without atrial fibrillation. At the same time, the baseline NHISS score and systolic
pressure before the thrombolytic were independent risk factors affecting the efficacy of intravenous thrombolysis with alteplase in
ICS patients with atrial fibrillation. -is study has provided a scientific basis for making an active decision to perform ultraearly
intravenous thrombolysis in our hospital to reduce the mortality and disability rate of stroke in the region.

1. Introduction

Acute ischemic stroke (CIS) is the infarction of brain tissue
caused by the occlusion of a cerebral artery, accompanied by
the damage of neurons, astrocytes, and oligodendrocytes,
which has the characteristics of high morbidity, high
mortality, and a high disability rate [1, 2]. Evidence-based
medical evidence indicates that ultraearly intravenous
thrombolysis is currently the most effective drug therapy for
CIS. Intravenous recombinant tissue plasminogen activator
(rt-PA) within 4.5 hours of onset has been the preferred
recommendation in the 2013 American Stroke Association
(ASA) guidelines for the diagnosis and treatment of acute
ischemic stroke and in the 2014 guidelines for the diagnosis
and treatment of acute ischemic stroke in China [3, 4].

Atrial fibrillation is a common arrhythmia and an in-
dependent risk factor for CIS. -e occurrence of atrial fi-
brillation not only increases the severity of CIS but also
increases the incidence of other complications and poor
prognosis [5]. However, the efficacy and safety of intrave-
nous thrombolysis for CIS patients with atrial fibrillation are
controversial, as is whether atrial fibrillation affects the ef-
ficacy of intravenous thrombolysis for CIS patients [6]. -is
study analyzed the efficacy, influencing factors, and safety of
intravenous thrombolysis with alteplase in patients with CIS
complicated with atrial fibrillation, aiming to provide the-
oretical support for making a positive decision of ultraearly
intravenous thrombolysis and reduce the mortality and
disability rate of stroke in this region, which was reported as
follows.
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2. Information and Methods

2.1. General Information. A total of 355 CIS patients ad-
mitted to our hospital from January 2019 to July 2020 were
selected as the research objects. -ere were 198 patients with
atrial fibrillation and 157 patients without atrial fibrillation.
According to whether to accept alteplase intravenous
thrombolysis therapy, 198 patients with atrial fibrillation
were divided into group A (n� 106) and group B (n� 92).
And 157 patients without atrial fibrillation were divided into
group C.

2.2. InclusionCriteria. -e inclusion criteria were as follows:
all patients who were confirmed to have ICS by head CTand/
or MRI [7]; patients with neurologic impairment symptoms
caused by ischemic stroke; patients whose intracranial
hemorrhage has been excluded by cerebral CT without
imaging changes of early massive cerebral infarction [8];
patients aged> 18 years; patients whose onset time reaches
the admission time≤ 4.5 h; and the patient or family
members who have signed the informed consent form for
intravenous thrombolysis. -is study was approved by the
ethics committee, and the informed consent formwas signed
by the patient or his/her family.

2.3. Exclusion Criteria. -e exclusion criteria were as fol-
lows: patients with subarachnoid hemorrhage indicated by
medical history and physical examination; Patients who
have a history of head trauma, or cerebral infarction, or
myocardial infarction within the last 3months; patients with
gastrointestinal or urinary bleeding within the last 3weeks;
patients who had major surgery within the last 2weeks;
patients with a history of artery puncture at the site of
hemostasis that is not easy to compress within the past
1week; patients with a previous history of cerebral hem-
orrhage; patients with active bleeding or trauma (e.g. frac-
ture) detected by physical examination; patients who were
on anticoagulants (INR> 1.7 or PT> 15 s) or who had been
on low molecular weight heparin within 24 hours before
stroke onset or who had been on thrombin inhibitors or
factor Xa inhibitors within 48 hours before stroke onset;
patients with platelet count <100×109/L; patients with blood
glucose< 2.8mmol/L or >22.22mmol/L; CT scan results
showed the presence of early large lesions, i.e., in patients
with lesion size greater than 1/3 of the MCA distribution or
ASPECTS score< 5; and patients in pregnancy.

2.4. Methodology. -e patient was given multifunctional
monitoring and oxygen inhalation immediately after
weighing. At the same time, bilateral vein channels were
established and the vital signs of patients were monitored.
-e blood pressure of both upper limbs was measured first,
and then the upper limb with the higher blood pressure was
selected for blood pressure monitoring. All patients had
their blood pressure controlled at or below 180/105mmHg.
Patients above this level were given intravenous urapidil to
control their blood pressure. And the oxygen saturation

should be kept above 95%. Patients in groups A and C
received intravenous thrombolysis with alteplase. -e dos-
age was determined according to the standard of 0.9mg/kg,
and 10% of the total dose was initially measured. -e in-
travenous injection was performed within 1min, and the
remaining dose was administered within 60min. After
24 hours, the head CT scan was reexamined, and the patient
was given routine treatment for ischemic stroke if there was
no bleeding. Patients in group B were treated with routine
treatment for ischemic stroke after admission.

Patients’ clinical data were collected, including basic
demographic information such as age, gender, and weight;
previous medical history such as hypertension, diabetes,
atrial fibrillation, stroke, acute myocardial infarction, heart
failure, and smoking; concomitant medication before
thrombolysis; emergency examination data such as systolic
blood pressure, diastolic blood pressure, blood glucose
value, platelet value, LDL value, INR value, NIHSS score,
time from admission to intravenous thrombolysis (DNT),
and time from onset to intravenous thrombolysis (ONT).

2.5. Clinical Efficacy Evaluation

2.5.1. Short-Term Prognosis. -e NIHSS scores of all patients
on day 1 and day 7 after treatment were counted. -e neu-
rological changes on days 1 and 7 were observed. Compared
with the baseline NIHSS score, a NIHSS score reduction of ≥4
points or a NIHSS score of 0–1 is effective, a NIHSS score of ±3
points showed no change, and a NIHSS score increase of ≥ 4
points, or the death turned for the worse [9].

2.5.2. Long-Term Prognosis. -e modified Rankin scale
(mRS) scores of all patients within 3months after treatment
were counted. -ree months later, the score of mRS≤ 1 was
classified as a good prognostic outcome, while the score of
mRS ranged from 2 to 6 was a poor prognostic outcome [10].

2.6. Safety Evaluation of 4rombolytic 4erapy

(1) Evaluation of intracranial hemorrhage transforma-
tion: hemorrhage transformation was evaluated 24 h
after treatment and, according to the secondary
analysis Asian acute stroke study (ECASS ii) criteria,
it was divided into four types of hemorrhagic in-
farction-1 (HI-1), HI-2, cerebral parenchymal
hemorrhage-1 (PH-1), and PH-2 [11]

(2) -e basis for judging symptomatic intracranial hem-
orrhage (sICH): cerebral parenchymal hematoma was
determined by head CT/MRI examination 24h after
treatment, accompanied by a worsening of clinical
symptoms (NIHSS score increase≥ 4 points) [12]

(3) -e case fatality rate within 3months was observed

2.7. Statistical Methods. SPSS26.0 statistical software was
used for analysis. -e measurement data were expressed as
the mean± standard deviation, and independent sample t-
test was conducted. -e enumeration data were subjected to
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χ2 test. -e level of statistical significance was defined as a
two-sided test. In univariate analysis, variables with P≤ 0.05
were included in the multivariate logistic regression model,
and the independent risk factors for poor prognosis were
analyzed by multivariate logistic regression.

3. Results

3.1. Comparison of Short-Term and Long-Term Prognosis
among the 4ree Groups. -ere were differences in the
improvement rate and unchanged rate in the short-term
prognosis among the three groups (P< 0.05), but there was
no difference in the deterioration rate among the three
groups (P> 0.05). -ere were differences in long-term
prognosis among the three groups (P< 0.05; Table 1).

3.2. Comparison of Safety among the 4ree Groups. -e
bleeding rate in groups A andCwas higher than that in group B
after thrombolysis for 24h (P< 0.05). -e new hemorrhage
within 7days rate of groups A and B was higher than that of
group C (P< 0.05), but there was no significant difference
between groupA and group B (P> 0.05).-e incidence of sICH
in groups A and C was lower than that in group B (P< 0.05).
-e mortality of group C was lower than that of group B
(P< 0.05), but the mortality of group A was not statistically
significant compared with that of group B (P> 0.05 Table 2).

3.3. Single Factor Analysis Affecting the Efficacy of Intrave-
nous 4rombolysis with Alteplase in Patients with ICS
Combined with Atrial Fibrillation. Gender, cycle type, his-
tory of hypertension, diabetes, hyperlipidemia, medical history,
history of stroke, DNT, ONT, LDL-C, HDL-C, homocysteine,
diastolic blood pressure before thrombolysis, random blood
glucose, glycosylated hemoglobin, white blood cell count,
platelet, neutrophil count, PT, APTT, INR, fibrinogen, and
combined drug use before thrombolytic therapy had no cor-
relation with intravenous thrombolytic efficacy of alteplase in
ICS patients with atrial fibrillation (P> 0.05).

Age, weight, history of heart failure, baseline NHISS,
systolic blood pressure before thrombolytic, hemoglobin,
and red blood cells were single factors influencing the ef-
ficacy of intravenous thrombolysis with alteplase in ICS
patients with atrial fibrillation (P< 0.05; Table 3).

3.4. Variable Assignment. Clinical efficacy (long-term
prognosis) was taken as a dependent variable, and the factors
with significant differences in Table 3 were taken as inde-
pendent variables to be included in the logistic regression
model. -e assignments of the dependent variable and in-
dependent variable are shown in Table 4.

3.5. Analysis of Multiple Factors Affecting the Efficacy of In-
travenous 4rombolysis with Alteplase in Patients with ICS
CombinedwithAtrialFibrillation. Baseline NHISS score and
systolic pressure before thrombolytic were independent risk
factors affecting the efficacy of intravenous thrombolysis

with alteplase in ICS patients with atrial fibrillation (P< 0.05;
Table 5).

4. Discussion

Previous studies have shown that ICS occurring in the presence
of atrial fibrillation leads to a higher rate of dysfunction and
mortality than in patients without atrial fibrillation. ICS is a
dynamic process, and restoring blood supply to the ischemic
penumbra is the primary objective in the treatment of ICS.
However, despite the efficacy of conventional antiplatelet or
anticoagulant therapy in ICS, evidence-based medicine indi-
cates that intravenous thrombolytic therapy with retissue-type
plasminogen activator remains the dominant approach for
ultraearly treatment of ICS [13].

Alteplase can effectively reverse the pathological process of
ischemic penumbra after thrombolysis and has become the
most widely used intravenous thrombolytic drug in clinical
practice [14]. Alteplase has the effect of promoting the activity of
the fibrinolytic system in vivo. However, unlike streptokinase
and urokinase, since the two cyclic structures have strong af-
finity for fibrin, they can specifically convert plasminogen in
thrombus into plasmin to exert the effect of dissolving
thrombus. At present, there are still differences in intravenous
thrombolytic therapy of alteplase for patients with acute is-
chemic stroke complicated with atrial fibrillation at home and
abroad, but most studies tend to benefit from thrombolytic
therapy [15]. Our study showed that the long-term good
prognosis rate of groups A and C was higher than that of group
B (P< 0.05), confirming the effectiveness of intravenous
thrombolysis with alteplase in ICS. -e long-term good
prognosis rate of group C was higher than that of group A
(P< 0.05), indicating that the efficacy of alteplase intravenous
thrombolysis for patients with ICS combined with atrial fi-
brillation was worse than that for patients without combined
atrial fibrillation [16]. -e possible reasons were as follows: -e
collateral circulation established by the body before throm-
bolysis is beneficial to reduce the infarct area after thrombolysis,
and protecting the brain tissue by reducing the flow and in-
tensity of hypoperfusion [17]. ICS patients with atrial fibril-
lation or arterial embolism have a worse ability to establish
collateral circulation at the obstruction site than those with
large artery thrombosis. Patients with ICS with atrial fibril-
lation are more likely to develop large and old thrombi, and
the reaction of large and old thrombi to thrombolytic therapy
is lower [18]. Early recanalization after thrombolysis is
considered to be a good prognostic indicator for patients with
stroke, while atrial fibrillation is associated with lower early
recanalization after thrombolysis, which may result in poorer
efficacy [19]. Meanwhile, the new hemorrhage within 7 days
in group A and group B was not statistically different
(P> 0.05), and the sICH in group A and group C was sig-
nificantly smaller than that in group B (P< 0.05). Studies have
shown that the pharmacological effect of alteplase on plasma
free plasmin is not very strong and systemic fibrinolysis will
not occur, thus effectively controlling the occurrence of
bleeding and intracranial hemorrhage [20].

Further factors influencing the efficacy of intravenous
thrombolytic therapy in patients with ICS with atrial
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Table 1: Comparison of short-term and long-term prognosis among the three groups.

Groups
Short-term prognosis Long-term prognosis

Effective No change Worse Good Poor
Group A (n� 106) 55 (51.89) 39 (36.79) 12 (11.32) 50 (47.17) 56 (52.83)
Group B (n� 92) 15 (16.30) 59 (64.13) 18 (19.56) 27 (29.35) 65 (70.65)
Group C (n� 157) 91 (57.96) 51 (32.48) 15 (9.55) 95 (60.51) 62 (39.49)
χ2 43.220 25.517 5.503 22.652
P <0.001 <0.001 0.064 <0.001

Table 2: Comparison of complications and deaths among the three groups.

Groups Hemorrhage occurred within 24 hours New hemorrhage within 7 days sICH Death
Group A (n� 106) 21 (19.81) 24 (22.64) 3 (2.83) 18 (16.98)
Group B (n� 92) 4 (4.35) 20 (21.74) 8 (8.70) 20 (21.74)
Group C (n� 157) 13 (8.28) 14 (8.92) 2 (1.27) 14 (8.92)
χ2 14.052 11.370 9.353 8.286
P 0.001 0.003 0.009 0.016

Table 3: Single factor analysis of intravenous thrombolysis of alteplase in ICS patients with atrial fibrillation.

Factor Good group (n� 50) Poor group (n� 56) χ2/t P

Gender
Male 40 (80.00) 37 (66.07) 2.579 0.108Female 10 (20.00) 19 (33.93)
Age (years) 72.50± 10.55 77.91± 8.49 2.922 0.004
Weight (kg) 63.20± 11.62 58.48± 11.92 2.057 0.042
Circulation type
Anterior 39 (78.00) 46 (82.14)

0.689 0.709Posterior 9 (18.00) 7 (12.50)
Anterior + posterior 2 (4.00) 3 (53.60)
History of hypertension
No 16 (32.00) 14 (25.00) 0.638 0.424Yes 34 (68.00) 42 (75.00)
History of diabetes
No 36 (72.00) 43 (76.79) 0.319 0.572Yes 14 (28.00) 13 (23.21)
History of hyperlipidemia
No 33 (66.00) 38 (67.86) 0.041 0.839Yes 17 (34.00) 18 (32.14)
History of stroke
No 48 (96.00) 53 (94.64) 0.108 0.742Yes 2 (4.00) 3 (5.36)
History of heart failure
No 34 (68.00) 24 (42.86) 6.739 0.009Yes 16 (32.00) 32 (57.14)
DNT (min) 56.44± 26.49 57.64± 23.58 0.247 0.805
ONT (min) 154.62± 57.46 156.43± 48.49 0.176 0.861
Baseline NHISS (points) 9.32± 6.10 15.48± 7.96 4.433 <0.001
LDL (mmol/L) 2.58± 0.95 2.64± 0.95 0.312 0.756
HDL (mmol/L) 1.07± 0.27 1.07± 0.27 0.023 0.982
Homocysteine (µmol/L) 15.50± 13.39 15.77± 13.60 0.099 0.921
Systolic pressure before thrombolytic (mmHg) 149.78± 28.39 163.29± 26.94 2.512 0.014
Diastolic pressure before thrombolytic (mmHg) 83.80± 16.06 88.70± 18.64 1.440 0.153
Random blood glucose (mmol/L) 7.69± 2.94 7.98± 3.13 0.490 0.625
Hemoglobin (%) 6.22± 1.09 6.18± 0.89 0.180 0.858
White blood cell count (×109/L) 7.43± 2.08 7.55± 2.23 0.304 0.762
Red blood cell count (×109/L) 4.55± 0.58 4.26± 0.63 2.501 0.014
Neutrophil count (×109/L) 4.80± 1.74 4.65± 1.98 0.402 0.689
Hemoglobin (g/L) 141.78± 18.04 131.68± 19.64 2.747 0.007
Platelet count (×109/L) 167.72± 46.43 187.30± 56.35 1.939 0.055
PT (s) 11.44± 0.92 11.37± 1.34 0.345 0.731
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fibrillation were investigated [21]. In this study, independent
risk factors for the efficacy of intravenous thrombolysis with
alteplase included baseline NHISS score and systolic pres-
sure before thrombolytic. -e NHISS score is a scale for
evaluating the neurological functional recovery status of
patients with stroke. A high NHISS score indicates how
serious the nerve damage is, indicating that the recanali-
zation rate after thrombolysis is low for patients [22].
-erefore, close observation of NHISS score changes in ICS
patients with atrial fibrillation and early intervention in
patients with high risk factors can help doctors effectively

judge the severity of patients’ disease and the outcome of
curative effects and improve the effectiveness of clinical
treatment. Increased blood pressure plays an important role
in the prognosis and mortality of patients with ICS. Hy-
pertension can lead to arteriosclerosis and increased fragility
of the vascular wall, and increased irritability of blood
pressure after cerebral ischemia. In addition, the increased
systolic blood pressure will also increase the permeability of
the blood-cerebrospinal fluid barrier and extracellular ma-
trix, causing abnormal situations such as plasma extrava-
sation and edema, and further inducing cerebral

Table 3: Continued.

Factor Good group (n� 50) Poor group (n� 56) χ2/t P

APTT (s) 25.80± 2.56 25.95± 3.12 0.268 0.789
INR 0.98± 0.08 0.98± 0.11 0.197 0.844
Fibrinogen (g/L) 3.38± 2.24 3.28± 0.93 0.322 0.748
Na+ (mmol/L) 139.71± 2.27 139.40± 2.08 0.732 0.466
K+ (mmol/L) 3.68± 0.37 3.63± 0.49 0.584 0.560
Urea nitrogen (mmol/L) 6.77± 1.70 7.36± 3.43 1.097 0.245
Aspirin was taken before onset
No 47 (94.00) 54 (96.43) 0.347 0.556Yes 3 (6.00) 2 (3.57)
Clopidogrel was taken before onset
No 48 (96.00) 54 (96.43) 0.013 0.908Yes 2 (4.00) 2 (3.57)
Atorvastatin was taken before onset
No 47 (94.00) 55 (98.21) 1.292 0.256Yes 3 (6.00) 1 (1.79)
Rosuvastatin was taken before onset
No 49 (98.00) 56 (100.00) 1.131 0.288Yes 1 (2.00) 0 (0.00)

Table 4: Variable assignment of risk factors affecting the efficacy of intravenous thrombolysis with alteplase in ICS combined with atrial
fibrillation.

Variable -e assignment
-e dependent variable
Clinical curative effect effective� 0, ineffective� 1
-e independent variables
Age Enter the actual value
Weight Enter the actual value
History of heart failure No� 0, Yes� 1
Baseline NHISS Enter the actual value
Systolic pressure before thrombolytic Enter the actual value
Hemoglobin Enter the actual value
Red blood cell Enter the actual value

Table 5: Binary logistic regression analysis of the influence on intravenous thrombolysis of alteplase in ICS patients with atrial fibrillation.

Variable β SE Wald χ2 P OR 95% CI of OR
Age 0.019 0.026 0.510 0.475 1.019 0.968∼1.072
Weight −0.029 0.020 2.091 0.148 0.971 0.934∼1.010
History of heart failure −0.443 0.488 0.823 0.364 0.642 0.246∼1.672
Baseline NHISS 0.146 0.040 12.960 0.000 1.157 1.069∼1.252
Systolic pressure before thrombolytic 0.019 0.009 4.619 0.032 1.019 1.002∼1.037
Hemoglobin −0.018 0.028 0.409 0.552 0.982 0.929∼1.038
Red blood cell −0.497 0.855 0.338 0.561 0.608 0.114∼3.253
Constant 0.656 3.269 0.040 0.841 1.928 –
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hemorrhage. -erefore, we should strengthen the control of
patients’ blood pressure before thrombolytic therapy to
maintain its relatively stable and normal level.

In summary, alteplase intravenous thrombolysis is ef-
fective for patients with ICS combined with atrial fibrillation,
and the incidence of sICH are lower than those without
alteplase intravenous thrombolysis, but the efficacy is worse
than that of patients without atrial fibrillation. At the same
time, the baseline NHISS score and systolic pressure before
the thrombolytic were independent risk factors affecting the
efficacy of intravenous thrombolysis with alteplase in ICS
patients with atrial fibrillation. In order to improve the clinical
application value of alteplase intravenous thrombolysis, tar-
geted intervention for those combined with high-risk factors
should be strengthened in clinics.
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Objective. +e present study aimed at investigating the efficacy and safety of intravenous administration of cytarabine sup-
plemented with idarubicin in treating acute myeloid leukemia (AML) patients undergoing first attack and its effects on serum
levels of cell adhesion molecules, cytokines in response to inflammation, and Tcell subset populations in acute myeloid leukemia
(AML) patients undergoing first attack. Methods. A total of 88 AML patients eligible for inclusion and exclusion criteria
participated in the study and were randomly assigned into the control group (n� 44) in which the patients received intravenous
administration of cytarabine and daunorubicin and the study group (n� 44) in which the patients received intravenous ad-
ministration of cytarabine and idarubicin. Clinical response, incidence of adverse reactions, and quality of life 3 months after
therapy were evaluated. Soluble intercellular adhesion molecule-1 (sICAM-1), soluble vascular cell adhesion molecule-1
(sVCAM-1), IL-10, and IL-35 were measured by ELISA methods. Phenotypic characteristics of T cell subsets including CD4+,
CD8+, CD4+IL-10 Tregs, and CD4+CD25+CD127−Foxp3+ Tregs were analyzed by flow cytometry. Results. +e clinical response
rate of the study group was better than that of the control group (65.91% vs. 45.45%) (P< 0.05). After treatment, the study group
revealed significantly lower levels of sICAM-1, sVCAM-1, IL-10, and IL-35, a lower proportion of Tregs, a higher rate of CD4+/
CD8+ Tcells, along with increased scores of the Karnofsky Performance Scale (KPS) compared with the control group (P< 0.05).
+e incidence rate of adverse reactions in the study group was lower than that in the control group (34.09% vs. 61.36%) (P< 0.05).
Conclusion. +ese findings demonstrate that intravenous administration of cytarabine supplemented with idarubicin can improve
the immune function and quality of life of AML patients, and this combination drug therapy is effective and safe for AML.

1. Introduction

Acute leukemia is classified into acute myeloid leukemia
(AML) and acute lymphocytic leukemia according to the
presence of different damaged cells [1]. AML is a malignant
clonal disease characterized by changes in normal hema-
topoietic cells, leading to the proliferation of immature
progenitor cells and inhibition of cell differentiation. Im-
mature progenitor cells spread through blood to various
parts of the body [2]. AML is commonly seen in adults,

especially for these diagnosed at a median age of 68 years,
accounting for up to 80% of acute leukemia [3]. AML in-
cidence is positively correlated with age. It was reported
about 1.3 cases out of 100 thousand people had the disease
and the age was below 65 years old, and 12.2 cases, who aged
over 65 years, out of 100 thousand people were subject to the
disease [4]. Although the progress of AML treatment is
beneficial to significant improvement in the prognosis of
young patients, AML is associated with variable prognosis
and high mortality. +e 5-year overall survival was 40–50%
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in younger adults with new diagnosed AML [5]. +e
prognosis of the elderly, who account for the majority of new
cases, is still very poor. 20% of elderly patients died of the
disease after 2 years of diagnosis [6], and up to 70% of
patients aged 65 or over cannot survive within 1 year after
diagnosis [7].

+e prognosis of AML is closely related to cytogenetic
results and molecular abnormalities at the time of diagnosis.
+ese two factors can predict the complete remission rate,
disease-free survival, recurrence risk, and overall survival
[8, 9]. Myeloperoxidase activity in fibroblasts found by
immunophenotypic and cytochemical analyses or analysis of
immunophenotypic surface molecules has been proved to be
a specific diagnosis of AML [2]. AML is considered to be a
malignant disease with immune dysfunction. +e basic role
of immune microenvironment in the prognosis of leukemia
has been confirmed in many studies [10, 11]. T cells are
derived from bone marrow pluripotent stem cells, and the
key role of T cells has been recognized in antigen-specific
recognition and elimination of malignant cells [12]. Acti-
vation of the immune response of cytotoxic T cells is very
important for the treatment of viral diseases and tumors
[13]. +e presence of chronic infection, tumor, and cancer is
associated with immune dysfunction. CD3+, CD4+, and
CD8+ T cells are involved in immune response and con-
firmed as effective biomarkers in viral infectious diseases and
inflammatory disorders [14, 15]. Regulatory T cells, termed
as Tregs, represent a subpopulation of CD4+ T cells and can
inhibit the immune response, which have three classifica-
tions according to the cytokines they secrete, including
naturally occurring CD4+CD25+Foxp3+ Tregs, interleukin
10 (IL-10)-producing Tregs, and transforming growth fac-
tor-β (TGF-β)-producing Tregs [16]. IL-35, a member of the
IL-12 family, is secreted by Treg cells and contributes to the
immunosuppressive activity of Tregs, rather than acting in
an immunostimulatory or proinflammatory manner [17].
Vascular cell adhesion molecule-1 (VCAM-1) is also known
as CD106, and intercellular adhesion molecule-1 (ICAM-1)
is also known as CD54, are transmembrane glycoprotein.
+ey are induced by a variety of cytokines, such as tumor
necrosis factor α (TNF-α), IL-1, and interferon c, and
usually expressed in endothelial cells and immune cells [18].
At present, chemotherapy regimens of cytarabine with
daunorubicin or idarubicin are the standard treatment for
AML patients [19].+e purpose of this study is to investigate
the changes in serum concentrations of soluble VCAM-1
(sVCAM-1), soluble ICAM-1 (sICAM-1), IL-10, and IL-35
along with T cell subsets including CD4+, CD8+, CD4+IL-10
Tregs, and CD4+CD25+CD127−Foxp3+ Tregs in the newly
diagnosed AML patients receiving intravenous adminis-
tration of cytarabine and idarubicin.

2. Materials and Methods

2.1. Study Participants. From June 2019 to August 2020, 88
patients with acute myeloid leukemia (AML) were enrolled
in this study. +e patients were known to have AML from
the diagnostic result of NCCN AML Guidelines [20] and
received no treatments after the first attack. All of these

patients aged 20–78 years and were confirmed to have no
cognitive impairment. Unqualified patients referred to those
with incomplete clinical data, less than 3 months of esti-
mated survival time, hypersensitivity, poor treatment
compliance, and who were accompanied by other clinical
trials, complicated by systemic infection, organ dysfunction
or malignant tumor, and subject to other hematologic
disorders. +e 88 patients were randomly divided into two
groups. +e control group (n� 44) included 19 males and 25
females (age range, 20–78 years; average age, 46.43± 4.81
years). +e study group (n� 44) included 18 males and 26
females (age range, 20–77 years, average age, 45.52± 4.83
years). According to the guideline of morphology, immu-
nology, cytogenetics, and molecular biology (MICM) clas-
sification [21], 5 cases of M1, 12 cases of M2, 8 cases of M3, 9
cases of M4, 7 cases of M5, and 2 cases of M6 were found in
the control group. +e study group consisted of 4 cases of
M1, 13 cases of M2, 8 cases of M3, 9 cases of M4, 8 cases of
M5, and 2 cases of M6. No significant difference in these data
was indicated between the two groups (P> 0.05). +e
Medical Ethics Committee of Jiamusi University approved
this prospective study, and a written informed consent was
obtained from all participants.

2.2. Treatment Protocols. Symptomatic treatments such as
myocardial nutrition, liver protection, and stomach pro-
tection were carried out to all participants after admission.
+e control group received intravenous administration
therapy involving cytarabine with dosage 150mg/(m2∗ d)
and 1-2 times/d (drug approval number: H20084072, Cisen
Pharmaceutical Co., Ltd., China) and a mixture of dauno-
blastina (40mg/(m2∗ d) and 10ml of 0.9% sodium chloride
injection (drug approval number: H44024361, Shenzhen
Main Luck Pharmaceuticals Inc., China) for successive or
alternate administration once a day. +e study group was
treated with cytarabine which was exactly same as the
control group, followed by intravenous injection of idar-
ubicin (drug approval number: H20063284, Yatai Pharma,
China) with 10mg/(m2∗ d) for 3 successive days. Taking 7
days as a course of treatment, both groups were followed up
for 3 months after treatment.

2.3. OutcomeMeasures. At 7 days of treatment, the clinical
response of all patients was assessed with following criteria:
(a) complete remission: normal chromosome, complete
remission of morphological and molecular levels, but in-
complete recovery of blood cell count; (b) partial remission:
less than 5% of immature cell in bone marrow, 50% decline
of immature cell in the bone marrow compared with that
before treatment; (c) stable disease: absence of improve-
ment or aggravation; (d) exacerbation: progressive exac-
erbation, even causing death. Total response
rate � complete remission rate + partial remission rate. +e
incidence of adverse reactions, such as nausea and vom-
iting, bleeding, hair loss, infection (upper respiratory tract,
urinary system, skin, and lung infection), was compared
between the two groups.
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2.4. Enzyme-Linked Immunosorbent Assay (ELISA).
Before and after 7-day treatment, 5ml of fasting venous
blood was collected from each patient.+e blood sample was
placed steadily for 2 h prior to centrifugation (10 cm cen-
trifugal radius, 3000 rpm for 15min). +e serum levels of
sICAM-1, sVCAM-1, IL-10, and IL-35 were tested by ELISA
methods using commercial available kits (all purchased from
R&D systems, USA).

2.5. Flow Cytometric Analysis of T Cell Subsets. +e whole
heparinized blood (200 µl) was added to the tubes and then
centrifuged at 1300 rpm for 8min, with the supernatant
aspirated. +e precipitates were added with 1.5ml PBS and
centrifuged at 1300 rpm for 8min again, with the super-
natant aspirated. +e precipitates were added with 500 µl of
1 :10 diluted BD permeabilizing II solution and 1.5ml PBS
and subsequently centrifuged at 1300 rpm for 8min again,
with the supernatant removed. Phenotypic characteristics of
Tcell subsets were analyzed by the FACSCanto II triple-laser
flow cytometer (BD Biosciences, USA) using fluorochrome-
labeled monoclonal antibody against CD4 (Cat. no. 562970,
BD Biosciences), CD3 (Cat. no. 563423, BD Biosciences),
CD8 (Cat. no 564492, BD Biosciences), IL-10 (Cat. no.
564053), CD25 (Cat. no. 555434, BD Biosciences), CD127
(Cat. no. 560549, BD Biosciences), and Foxp3 (Cat. no.
566526, BD Biosciences).

2.6. Karnofsky Performance Scale (KPS). +e KPS is a
widespread performance scoring system that is used to assess
the well-being and functional status of people with illness on
a scale ranging from 0 to 100 with intervals of 10. A score of 0
indicates death and a score of 100 indicates normal function
with no disease sequel. Before treatment and at 3 months
after treatment, AML patients were followed up and re-
quired to fill KPS scale for evaluation of their quality of life.

2.7. Statistical Analysis. Measurement data normally dis-
tributed are described as mean± standard deviation and
analyzed by the t-test, and counting data were represented by
ratio and analyzed by the chi-square test in GraphPad prism
software (Version 8.0). A value of P less than 0.05 reflects a
statistically significant difference.

3. Results

3.1. IntravenousAdministration of Cytarabine and Idarubicin
Improved Clinical Response Rate in AML Patients. After 7-
day treatment, the clinical response of all patients was
evaluated. It was found that the study group showed higher
total response rate compared to the control group. As given
in Table 1, the rate in the study group and control group was
65.91% and 45.45%, respectively (P< 0.05).

3.2. IntravenousAdministration of Cytarabine and Idarubicin
Declined Levels of sICAM-1, sVCAM-1, IL-10, and IL-35 in
AMLPatients. +e levels of sICAM-1, sVCAM-1, IL-10, and
IL-35 weremeasured by ELISA of serum samples.+e results

revealed that serum levels of sICAM-1, sVCAM-1, IL-10,
and IL-35 were declined significantly in AML patients fol-
lowing intravenous administration of cytarabine supple-
mented with either idarubicin or daunorubicin (P< 0.05),
and this decrease was more evident in AML patients fol-
lowing intravenous administration of cytarabine supple-
mented with idarubicin (P< 0.05, Figure 1).

3.3. IntravenousAdministration of Cytarabine and Idarubicin
Improved Immune Function of AML Patients. +e propor-
tions of T cell subsets including CD4+, CD8+, CD4+IL-10
Tregs, and CD4+CD25+CD127−Foxp3+ Tregs were analyzed
by flow cytometry. It was observed that, after treatment,
increased proportions of CD3+ T cells, CD4+ T cells, and
CD4+/CD8+ ratio along with decreased proportions of CD8+

T cells, CD4+IL-10 Tregs, and CD4+CD25+CD127−Foxp3+

Tregs were revealed in peripheral blood in AML patients
following intravenous administration of cytarabine sup-
plemented with either idarubicin or daunorubicin (P< 0.05,
Tables 2 and 3). +ese changes in AML patients following
intravenous administration of cytarabine supplemented
with idarubicin were more evident compared to those
supplemented with daunorubicin (P< 0.05).

3.4. IntravenousAdministration of Cytarabine and Idarubicin
Improved Quality of Life in AML Patients. Before treatment
and at 3 months after treatment, AML patients were fol-
lowed up and required to fill KPS scale to reflect their quality
of life. Before treatment, the scores of KPS in the study group
and control group were (75.88± 3.28) and (76.13± 3.20),
respectively. At 3 months after treatment, the scores of KPS
in the study group and control group were (89.81± 6.43) and
(81.64± 5.51), respectively. +e study group and control
group showed increased KPS scores after treatment
(t� 12.800, P< 0.001; t� 5.736, P< 0.001), and this increase
was more obvious in the study group (t� 6.400, P< 0.001).

3.5. IntravenousAdministration of Cytarabine and Idarubicin
Led to Reduced Total Incidence Rate of Adverse Reactions in
AML Patients. As given in Table 4, AML patients experi-
enced several adverse reactions, including nausea and
vomiting, myelosuppression, infection, and leukopenia after
intravenous administration of cytarabine supplemented
with either idarubicin or daunorubicin. Two groups of AML
exhibited no significant difference in term of the incidence
rates of nausea and vomiting, myelosuppression, infection,
and leukopenia. However, the total incidence rate of adverse
reactions in the study group was evidently lower than that in
the control group (34.09% vs. 61.36%, P< 0.05).

4. Discussion

AML is heterologous tumor, which frequently occurs in
adults. It was reported, 19,000 American populations were
newly diagnosed with AML and 10,000 patients died of the
disease every year [22]. +e 5-year overall survival of AML is
negatively related to age. It ranged 40–50% in younger
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Figure 1:+e levels of sICAM-1, sVCAM-1, IL-10, and IL-35 measured by ELISA of serum samples in AML patients following intravenous
administration of cytarabine supplemented with either idarubicin or daunorubicin.

Table 1: +e clinical response rates of AML patients following intravenous administration of cytarabine supplemented with either
idarubicin or daunorubicin.

Group Case Complete remission Partial remission Stable disease Exacerbation Total response rate (%)
Control group 44 14 (31.82) 6 (13.64) 3 (6.82) 21 (47.73) 20 (45.45)
Study group 44 19 (43.18) 10 (22.73) 4 (9.09) 11 (25.00) 29 (65.91)
t 14.175
P 0.001

Table 2: +e proportions of CD4+, CD8+, and CD4+/CD8+ ratio in peripheral blood in AML patients following intravenous administration
of cytarabine supplemented with either idarubicin or daunorubicin.

Group Case Time CD3+ (%) CD4+ (%) CD8+ (%) CD4+/CD8+

Control group 44 Pretreatment 59.15± 6.97 30.14± 3.87 34.15± 3.41 0.79± 0.08
Posttreatment 62.74± 6.03 35.87± 3.72 32.96± 3.49 1.12± 0.12

t 8.125 6.193 0.941 3.618
P 0.001 0.007 0.086 0.029

Study group 44 Pretreatment 59.17± 6.99 30.27± 3.93 34.11± 3.49 0.81± 0.09
Posttreatment 73.80± 8.51a 39.91± 4.76a 29.74± 2.35a 1.39± 0.19a

t 12.119 7.374 5.174 4.396
P 0.001 0.001 0.018 0.027
+e letter a indicates P< 0.05 compared to the control group.
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patients, but only 10–20% was found in the patients over 60
years old [19, 23]. Clinically, AML is manifested as various
symptoms such as infection, fever, bleeding, anemia, and
abnormal cell invasion. Most cases are in acute and severe
condition, which not only affects the patient’s physical
condition and life quality but also endangers life. A com-
bination of cytarabine and daunorubicin or idarubicin, also
called as 7 + 3 regimen, has been widely applied to most
patients with newly diagnosed AML except for clinical
studies [24, 25]. Idarubicin is an anthracycline antibiotic
targeting tumor and cancer. It removes methoxyl at the C-4
position of daunorubicin and was prepared by Arcamone
et al. in 1976 [26]. Idarubicin is a derivative of daunorubicin,
which interferes with the activity of topoisomerase II and
inhibits nucleic acid synthesis. Comparing to daunorubicin,
idarubicin is characterized by higher lipophilicity, cell
permeability, stronger immune response, and lower drug
resistance [27].

Idarubicin has been widely used in clinical treatment of
AML, high-risk myelodysplastic syndrome [28], hepato-
cellular carcinoma [29], and metastatic breast cancer [30]
and turned out to be a treatment scheme to alleviate patients’
symptoms. Guiu et al. [29] revealed that the patients with
unresectable hepatocellular carcinoma showed better overall
survival and objective response rate after interventional
therapy of idarubicin-loaded beads. In our study, the pa-
tients who received idarubicin showed higher response rate
and increased KPS score, suggesting combined intravenous
administration of cytarabine and idarubicin was effective on
prolonging life and improving life quality. Adhesion mol-
ecules on the surface of leukocytes, vascular endothelial cells,
or other cells become soluble adhesion molecules after
entering blood. SICAM-1 and sVCAM-1 are the members of
immunoglobulin superfamily and participate in the mi-
gration, proliferation, and differentiation of hematopoietic
cells [31]. +e present study found that serum levels of
sICAM-1, sVCAM-1, IL-10, and IL-35 were declined

significantly in AML patients following intravenous ad-
ministration of cytarabine supplemented with either idar-
ubicin or daunorubicin (P< 0.05), and this decrease was
more evident in AML patients following intravenous ad-
ministration of cytarabine supplemented with idarubicin.
+e results showed idarubicin has more advantages in
maintaining cellular immune balance. Zaccagni et al. also
indicated that the patients with systemic lupus erythematous
showed elevated levels of soluble adhesion molecule levels
(VCAM-1 and ICAM-1) compared with healthy groups
[32]. Low level of sICAM-1 increased cancer-related 5-year
survival rate [33]. Increased level of maternal serum and
vaginal fluid sVCAM-1 and sICAM-1 was found in pregnant
women with preterm prelabour ruptures of membranes.
+ese levels can be used as biomarkers to support diagnosis
of the disease [34]. IL-10 exerts anti-inflammatory and
immunosuppressive activities by inhibiting the production
of cytokines by T cells [35]. Patients with adult T cell leu-
kemia caused by human Tcell leukemia virus type I infection
showed elevated serum levels of IL-10 [36]. IL-35 is pro-
duced by Tregs and responsible for the suppressive activity of
Tregs [37]. Tao et al. found that IL-35 was increased in
peripheral blood of adult AML patients and correlated with
the clinical stages of malignancy [38]. As reported by Wu
et al., remarkable higher levels of plasma IL-35 and IL-10
were detected in newly diagnosed AML patients compared
with AML patients with complete remission or healthy
controls [39].

T cells are the main effector cells of cellular immunity.
CD4+, CD8+ Tcells, and Tregs have significant heterogeneity
in cytokine expression. +ey produce cytokines, such as
interferon-c and tumor necrosis factor-α, in the immune
response to mediate inflammation and remove intracellular
pathogens [40, 41]. In this study, flow cytometric analysis
showed that, after treatment, increased proportions of CD3+
T cells, CD4+ T cells, and CD4+/CD8+ ratio along with
decreased proportions of CD8+ T cells, CD4+IL-10 Tregs,

Table 3: +e proportions of CD4+IL-10 Tregs and CD4+CD25+CD127−Foxp3+ Tregs in peripheral blood in AML patients following
intravenous administration of cytarabine supplemented with either idarubicin or daunorubicin.

Group Case Time CD4+IL-10 Tregs (%) CD4+CD25+CD127−Foxp3+ Tregs (%)

Control group 44 Pretreatment 27.75± 3.97 23.31± 3.87
Posttreatment 23.47± 2.53 19.89± 1.75

t 6.031 5.341
P <0.001 <0.001

Study group 44 Pretreatment 28.11± 3.63 23.07± 3.93
Posttreatment 20.40± 2.04a 18.28± 1.43a

t 12.280 7.597
P <0.001 <0.001

Table 4: +e incidence rate of adverse reactions in AML patients following intravenous administration of cytarabine supplemented with
either idarubicin or daunorubicin.

Group Case Nausea and vomiting (n, %) Myelosuppression (n, %) Infection (n, %) Leukopenia (n, %) Total incidence (n, %)
Control
group 44 12 (27.27) 5 (11.36) 3 (6.82) 7 (15.91) 27 (61.36)

Study group 44 7 (15.91) 2 (4.55) 2 (4.55) 4 (9.09) 15 (34.09)
t 16.675
P 0.018
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and CD4+CD25+CD127−Foxp3+ Tregs were revealed in
peripheral blood in AML patients following intravenous
administration of cytarabine supplemented with either
idarubicin or daunorubicin. +is finding indicated that
combined intravenous administration of cytarabine and
idarubicin was helpful to reduce virus infection and im-
prove patients’ immunity. Another report on AML revealed
that increasing CD8+ T cells were represented in the AML-
M5 subtype group compared with the AML-M3 group.
Increased CD8+ T cells were associated with poor response
[42]. +e patients with chronic lymphocytic leukemia
showed significantly higher percentage of CD4+ than that
in healthy volunteers [43]. Guo et al. demonstrated that the
patients with acute leukemia had higher absolute count of
CD3+ compared with healthy controls, but with reduced
immune function [44]. Xu et al. demonstrated that
blocking the interaction between Tregs and AML cells may
be a new approach to target leukemia stem cells in the
treatment of AML [45]. +ere was a higher proportion of
CD4+CD25+CD127−Foxp3+ Tregs in newly diagnosed
AML patients than healthy controls [46]. All these findings
manifested T cells involved in immune response and
mediated progress of disease. In addition, this study found
that the incidence of adverse reactions in the study group
was significantly lower than that in the control group. It
suggested that idarubicin improved the safety of chemo-
therapy in AML patients due to its lower drug resistance
and toxicity.

In summary, our data suggest that intravenous ad-
ministration of cytarabine supplemented with idarubicin
can improve the immune function and quality of life of AML
patients, and this combination drug therapy is effective and
safe for AML, which is worthy of clinical recommendation.
However, limited numbers of AML patients in this study
might lower the data reliability, and thus, further study
should be carried out to confirm these findings.
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Chronic subjective dizziness (CSD) is a chronic, subjective, nonrotational dizziness and instability caused by mental or physical
factors, and patients generally have no existing vestibular system diseases. Clinically, antianxiety drugs are often used for
symptomatic treatment withmediocre effects.+is study observed the clinical efficacy of the herbal-scraping duplexmethod in the
treatment of CSD based on the holographic theory. 180 patients with CSD were randomly and equally divided into group A
(n� 60) who received fluoxetine hydrochloride, group B (n� 60) who received fluoxetine hydrochloride combined with ho-
lographic soup, and group C (n� 60) who received fluoxetine hydrochloride, holographic soup, and holographic scraping
combined with five-element music. +e effects of the 3 different treatment modalities on patients’ vertigo symptoms, traditional
Chinese medicine (TCM) symptoms, anxiety and depression status, sleep quality, and fatigue level were observed. +e safety of
medication and the recurrence after discontinuation were observed. +e results showed that group C was better than group B and
group A in terms of improvement in all of the above indicators, and group B was better than group A (P< 0.05). +e total
efficiency of Chinese andWestern medicine was better in groups C and B than in group A (P< 0.05). No statistical difference was
seen in the comparison of adverse reaction rates between the 3 groups (P> 0.05). After 1 month of drug discontinuation, the
recurrence rates in groups C and B were lower than those in group A (P< 0.05).+is suggests that the clinical efficacy and safety of
applying the herbal-scraping duplex method based on holographic theory for the treatment of CSD is ideal and has the value
of promotion.

1. Introduction

Chronic subjective dizziness (CSD) is a group of chronic
nonspecific syndromes with high sensitivity to motor signals
and low tolerance to visual signals, accompanied by a sig-
nificant subjective dizziness and instability [1]. Patients often
seek medical attention for chronic and persistent head
dizziness or a subjective sense of instability, which accounts
for approximately 10.6% of all dizziness visits in outpatient
clinics and can be twice as common in women as in men [2].
Psychiatric factors such as anxiety, depression, and panic are
common triggers, and psychiatric medications are often

applied symptomatically in clinical practice [3]. However, in
view of the long treatment cycle of CSD, the safety and
compliance of long-term use of such drugs are difficult to
guarantee, and some patients have drug resistance or lack of
efficacy [4]. +erefore, there is still a need to find a safer and
more secure treatment method in the clinic.

CSD belongs to the category of “vertigo” in Chinese
medicine. +e patient is characterized by head dizziness,
which may also be accompanied by complications related to
dizziness. +e onset is often related to the patient’s emo-
tional and mental disorders, improper diet, long-term illness
and physical deficiency, old age and physical weakness, or

Hindawi
Journal of Chemistry
Volume 2022, Article ID 9195636, 8 pages
https://doi.org/10.1155/2022/9195636

mailto:909932870@qq.com
https://orcid.org/0000-0001-8316-5609
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/9195636


fall injuries. Treatment can start by regulating the Qi of the
whole body and taking into account the overall symptoms.
In this study treatment, based on the holographic theory,
herbal medicine, scraping, and music therapy, which are
highly accepted by the patients, were used as treatment tools.
Among them, the application of holographic soup is the
result of concentrating the theory of holographic nutrition of
herbs and the systemic therapy of Chinese medicine, which
has the effect of overall regulation. +e application of ho-
lographic scraping can achieve the purpose of adjusting the
function of the corresponding viscera by stimulating the
local information acupoint areas of the patient [5]. +e
application of five-element music, which combines the
patient’s condition and psychological state to dialectically
play music for treatment, can achieve the effect of stretching
the patient’s Qi and emotions [6]. +e application of all
methods, through the combination of overall and local
conditioning, is expected to achieve the physiological state of
balance between Yin and Yang in CSD patients and ulti-
mately help the body’s function to recover as soon as
possible and improve the condition. +is study observes the
clinical efficacy of the herbal-scraping duplex method in the
treatment of CSD based on the holographic theory. +e
report is as follows.

2. Materials and Methods

2.1. Research Object. Between January 2020 and January
2021, 180 patients with CSD who met the inclusion criteria
were randomly and equally divided into the group A
(n� 60), the group B (n� 60), and the group C (n� 60). +e
general data difference analysis in Table 1 of the 3 groups was
not statistically significant and could be used for experi-
mental analysis (P> 0.05).

2.2.DiagnosticCriteria. Westernmedicine diagnostic criteria
refer to the 2017 Bárány Society diagnostic criteria for CSD
[7]: nonrotational dizziness or subjective imbalance of bal-
ance for ≥3 months; high sensitivity to movement of things
around or of themselves for ≥3 months; dizziness worsens
when performing refined visual tasks or in a complex visual
environment. It might be accompanied by a sense of mental
unclearness, or anxiety, depression, or somatization symp-
toms such as palpitations and pain. +e diagnostic criteria of
TCM referred to the diagnostic criteria of vertigo in the 2007
edition of “Traditional Chinese Medicine Encephalopathy.”
Main symptoms are obvious vertigo, a sense of shaking and
spinning or vision rotation, with chronic onset and recurrent
attacks. Secondary symptoms are nausea and vomiting,
palpitation and irritability, drowsiness, insomnia and
dreaminess, forgetfulness, tinnitus and deafness, fear and
suspicion, and sweating and pallor.

2.3. Inclusion Criteria. Inclusion criteria were as follows:
those with clear diagnostic criteria for CSD in Chinese and
Western medicine; 30–70 years old; elementary school
education or above, normal mental and cognitive ability,
normal communication and understanding ability, and

could cooperate to complete the relevant scale test; those
without significant mental illness; those with normal
neuroimaging; those with normal or mildly abnormal
vestibular function and balance function tests, but not
enough to make a diagnosis of abnormality; those who had
not received other disease-related treatments within 3
months before treatment; and informed consent, volun-
tary participants.

2.4. Exclusion Criteria. Exclusion criteria were as follows:
those whose dizziness was caused by other causes such as
drugs, trauma, and poisoning; those who belong to other
systemic disease-related dizziness, such as hypotension,
hypoglycemia, anemia, hyper or hypothyroidism, and
active neurootologic diseases; those with oph-
thalmoplegia, ocular muscle paralysis, leukemia, disor-
ders of acid-base balance, electrolyte disorders, reduced
cardiac ejection, and vascular diseases; those with cervical
vertigo, peripheral vertigo, or central vertigo; persons
with severe heart, brain, liver, and kidney dysfunction;
the presence of a known drug dependency or alcoholism;
those with unstable vital signs; pregnant and lactating
women.

2.5. Rejection and Shedding Criteria. Rection and shedding
criteria were as follows: those whose condition deteriorated
rapidly due to serious complications or adverse reactions
during the trial, those who developed other diseases that can
cause vertigo during the trial, those who caused treatment
suspension or the subject withdrew halfway through various
factors, those whose medication did not meet the regulations
or had low compliance with treatment, those who received
other treatments that affect the efficacy during the obser-
vation period. Various factors led to loss of follow-up.

2.6. Treatment Methods

(1) Group A: received fluoxetine hydrochloride capsules
(Suzhou Yushi Pharmaceutical Co., Ltd., Chinese
Medicine Zhunzi H20093454) treatment, once a day,
orally 30 minutes after breakfast, 20mg each time,
continuous treatment for 4 weeks.

(2) Group B: on the basis of group A, holographic
soup was added. Holographic soup recipe: 12 g
each of Radix Bupleuri and Alisma orientale and
10 g each of Guizhi, Trichosanthes kirilowii, im-
mature bitter orange, Allii Macrostemonis Bulbus,
Magnolia officinalis cortex, Paeonia lactiflora
Pall., Atractylodes sinensis, dried tangerine or
orange peel, Atractylodes macrocephala, Poria
cocos, Polyporus, Radix Rehmanniae, Cortex
Moutan, ginger, jujube, and licorice. Addition and
subtraction for clinical evidence: palpitations and
irritability with 12 g each of keel and oyster; fa-
tigue and sleepiness with 110 g of Rhizoma Acori
Tatarinowii; tinnitus and deafness with 10 g each
of Medulla Tetrapanacis and Rhizoma Acori
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Tatarinowii. All herbal tablets were sourced from
the Chinese pharmacy of our hospital. Each dose
of Chinese medicine was decocted with 400 mL of
water routinely, and patients were instructed to
take 200mL each in the morning and evening after
adding warmth. 1 week was 1 course of treatment,
continue treatment for 4 courses.

(3) Group C: on the basis of group B, holographic
scraping therapy was added. Holographic scraping
and acupoint selection: on Monday, the holographic
acupoint area took the middle of the forehead of the
head, 1 area of the right side of the forehead, and 2
areas of the left side of the forehead, head, and neck
meridian acupoints took the odd points, Sishencong,
blood pressure points. On Tuesday, the holographic
acupoint area took the posterior 1/3 of the forehead
parietal zone and the lower 1/3 of the parietal
posterior oblique zone; meridian acupoints took the
Baihui-Fengfu of the governor vessel. On Wednes-
day, the holographic acupoint area took the spleen
and stomach correspondence area of the spine, and
the meridian acupoints took the Pishu, Weishu,
Xinshu, and Shenshu of the bilateral bladder me-
ridian. On +ursday, the holographic acupoint area
took the head acupoints and heart acupoints on the
radial side of the secondmetacarpal bone of the hand
and palm middle finger, and the meridian acupoints
took the Shenmen of the bilateral heart meridian. On
Friday, the holographic acupoint area took the hy-
potensive ditch on the back of the ear, and the
meridian acupoints took the Zusanli of bilateral
stomach meridian, the Sanyinjiao of bilateral spleen
meridian, the Yongquan of bilateral kidney merid-
ian. Operation: before scraping, examine the pa-
tient’s local skin for ulcers and breaks and ask the
patient about contraindications to scraping. When
scraping, guide the patient to a comfortable posture
and fully expose the scraping area. After routine
disinfection, use a flat replenishing-reducing tech-
nique for scraping at a speed of 60 times/min. During
the period, pay close attention to the patient’s local
reaction and tolerance. Do not use excessive force
and take comfort as the standard, once a day from
Monday to Friday, every 20–30 minutes. During
each Gua Sha, the five-element music should be
played dialectically based on the patient’s condition
and psychological state. It contains five corre-
sponding pieces of Jiao, Zheng, Gong, Shang, and Yu
(all created by the China Medical Audiovisual
Publishing House). When playing music, it was

necessary to ensure that the room is not disturbed by
other noises or noises, and the playback volumemust
be controlled below 60 decibels. 1 week was 1 course
of treatment; continue treatment for 4 courses.

2.7. Observation Indicators

(1) Dizziness handicap inventory (DHI) score: before
and after treatment, the total scores of physical,
social function, and emotion factors in the 3 groups
of DHI were counted, with a total score of 0–100
points. +e higher the score, the more severe the
dizziness handicap.

(2) TCM symptoms score: before and after treatment,
the total scores of TCM syndromes of the 3
groups, such as dizziness, nausea and vomiting,
palpitations, irritability, drowsiness, insomnia,
forgetfulness, tinnitus, and deafness, were coun-
ted. +e scores (0, 2, 4, and 6) are proportional to
the severity of the syndrome (none, mild, mod-
erate, and severe).

(3) Hamilton anxiety/depression scale (HAMA/
HAMD) score: before and after treatment, HAMA/
HAMD assessed the degree of anxiety and depres-
sion in the 3 groups. +e former with a total score of
0–56 points; the latter with a total score of 0–68
points. +e higher the score, the greater the anxiety
and depression.

(4) Pittsburgh sleep quality index (SQI) score: before
and after treatment, PSQI assessed the total scores of
the 3 groups of factors such as sleep quality, sleep
time, and sleep latency.+e total score is 0–21 points;
the higher the score, the more severe the sleep
disorder.

(5) Fatigue severity scale (FSS) score: before and after
treatment, FSS assessed the fatigue degree of the 3
groups and their impact on daily functions, with a
total score of 9–63 points. +e higher the score, the
more severe the fatigue.

(6) Others: during the treatment, the 3 groups of
patients were subjected to blood routine, urine
routine, stool routine, liver and kidney function,
and electrocardiogram and other safety checks,
and the occurrence of adverse of the 3 groups was
observed such as nausea, vomiting, constipation,
skin rash, dry mouth, and so on. After 1 month of
drug discontinuation, the recurrence was followed
up and counted in the 3 groups.

Table 1: Comparison of the distribution of the 3 groups of general data.

Group Male/female (n (%)) Age (x± s, years old) Course of disease (x ± s, years)
Group A (n� 60) 18/42 (30.00/70.00) 49.25± 4.64 3.71± 1.05
Group B (n� 60) 21/39 (35.00/65.00) 48.63± 5.14 4.03± 1.42
Group C (n� 60) 19/41 (31.67/68.33) 48.71± 4.97 3.87± 1.15
χ2/F 0.356 0.282 1.038
P 0.837 0.755 0.357

Journal of Chemistry 3



2.8. Efficacy Evaluation

(1) Western medicine efficacy determination criteria:
formulated according to the improvement of the
DHI score. (1) Healed: efficacy index ≥75%. (2)
Excellent: 75% >efficacy index ≥50%. (3) Improved:
50% >efficacy index ≥25%. (4) Ineffective: efficacy
index <25%. Efficacy index� (before treatment−after
treatment)/before treatment score×100%. Total
effective� (healed + excellent + improved) number.

(2) Chinese medicine efficacy determination criteria:
formulated according to the 2012 edition of the
“Diagnosis and Efficacy Criteria for Diseases and
Syndromes of Traditional Chinese Medicine.” (1)
Healed: efficacy index ≥95%. (2) Excellent: 95%
>efficacy index≥70%. (3) Improved: 70% >efficacy
index≥30%. (4) Ineffective: efficacy index <30%.
Efficacy index�(before treatment−after treatment)/
before treatment score× 100%. Total effective �

(healed + excellent + improved) number.

2.9. StatisticalMethods. SPSS 22.0 software was applied. +e
test level was P � 0.05. Normally distributed measures were
expressed as (x± s), one-way ANOVA was performed for
comparisons between multiple groups, and the t-test was
performed for two-way comparisons between groups. Count
data were expressed as (%), and χ2 was performed. Statistical
differences between the data were indicated at P< 0.05.

3. Results

3.1. Comparison of 3 Groups of DHI and TCM Scores.
After treatment, the total scores of DHI and TCM in the 3
groups were lower than before, and the scores of group C
were lower than those of groups B and A, and group B was
lower than group A (P< 0.05) (Figures 1 and 2).

3.2. Comparison of 3 Groups of DHI and TCM Scores Treat-
mentEfficiency. After treatment, in the total effective rate of
the DHI score, group C (95.00%)> group B (86.67%)>
group A (71.67%); in the total effective rate of the TCM
score, group C (88.33%)> group B (81.67%)> group A
(65.00%). After treatment, the total effective rates of DHI
and TCM scores of group C and group B were statistically
different from those of group A (P< 0.05), and there was no
statistical difference between group C and group B
(P> 0.05) (Tables 2 and 3).

3.3. Comparison of 3 Groups of HAMA and HAMD Scores.
After treatment, the scores of HAMA and HAMD in the 3
groups were lower than before, and the scores of group C
were lower than those of groups B and A, and group B was
lower than group A (P< 0.05) (Figures 3 and 4).

3.4. Comparison of 3 Groups of PSQI Scores. After treatment,
the PSQI scores of the 3 groups were lower than those before,
and the scores of group C were lower than those of groups B

and A, and group B was lower than group A (P< 0.05)
(Figure 5).

3.5. Comparison of 3 Groups of FSS Scores. After treatment,
the FSS scores of the three groups were lower than before,
and the scores of group C were lower than those of group B
and A, and group B was lower than group A (P< 0.05)
(Figure 6).
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Figure 1: Comparison of 3 groups of DHI scores (x± s, scores).
Compared with the same group before treatment, ∗P< 0.05;
compared with group A after treatment, #P< 0.05; compared with
group B after treatment, ΔP< 0.05.
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Figure 2: Comparison of 3 groups of TCM scores (x± s, scores).
Compared with the same group before treatment, ∗P< 0.05;
compared with group A after treatment, #P< 0.05; compared with
group B after treatment, ΔP< 0.05.
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3.6. Comparison of 3 Groups of the Adverse Reaction Rate and
Recurrence Rate. During the treatment period, 2 patients
in group A developed constipation and 2 patients with
nausea and retching, with an adverse reaction rate of
6.67%; 2 patients in group B had diarrhea and 1 patient
with nausea, with an adverse reaction rate of 5.00%; pa-
tients in group C had 1 case of diarrhea, 1 case of
headache, and 1 case of dry mouth, and the adverse re-
action rate was 5.00%. +ere was no statistical difference
in the adverse reaction rate of the 3 groups (P> 0.05). One
month after drug withdrawal, 17 cases in group A re-
curred, with a recurrence rate of 28.33%; 8 cases in group
B recurred, with a recurrence rate of 13.33%; and 6 cases in
group C recurred, with a recurrence rate of 10.00%. +e
recurrence rates of group C and group B were statistically

different from group A (P< 0.05), and there was no sta-
tistical difference between group C and group B (P> 0.05)
(Figure 7).

4. Discussion

CSD was first called “space motion discomfort,” “phobic po-
sitional vertigo,” and “visual vertigo” [8]. All 3 described a
phenomenon in which patients have strong discomfort or
hypersensitivity to spatial position signals or complex visual
signals. In addition, it has been reported that 75% of patients
with phobic positional vertigo can be accompanied by signif-
icant symptoms of anxiety and depression, and it is also
common in patients with visual vertigo [9]. +erefore, chronic
dizziness without clear vestibular dysfunction has been called

Table 2: Comparison of 3 groups of DHI score treatment efficiency (n (%)).

Group Healed Excellent Improved Ineffective Total effective rate (%)
Group A (n� 60) 2 16 25 17 43 (71.67)
Group B (n� 60) 6 29 17 8 52 (86.67)∗
Group C (n� 60) 8 36 13 3 57 (95.00)∗
χ2 12.773
P 0.002
Compared with group A, ∗P< 0.05.

Table 3: Comparison of 3 groups of TCM score treatment efficiency (n (%)).

Group Healed Excellent Improved Ineffective Total effective rate (%)
Group A (n� 60) 1 10 28 21 39 (65.00)
Group B (n� 60) 4 25 20 11 49 (81.67)∗
Group C (n� 60) 5 30 18 7 53 (88.33)∗
χ2 10.213
P 0.006
Compared with group A, ∗P< 0.05.
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Figure 3: Comparison of 3 groups of HAMA scores (x± s, scores).
Compared with the same group before treatment, ∗P< 0.05;
compared with group A after treatment, #P< 0.05; compared with
group B after treatment, ΔP< 0.05.
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Compared with the same group before treatment, ∗P< 0.05;
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“mental dizziness” for a long time. From 2004 to 2005, Staab
and Ruckenstein integrated the above concepts and proposed
the name of CSD [10]. +ey believe that physical diseases (such
as past neurological and otological diseases) or mental diseases
(such as anxiety, depressive personality) are the main predis-
posing factors for CSD [11]. +e clinical symptoms of the
patients will not disappear with the disappearance of these
predisposing factors, but will show a lingering trend with the
varying degree of the patient’s condition. Based on the above,
the clinical use of selective serotonin reuptake inhibitor (such as

fluoxetine, paroxetine, and sertraline) for the treatment of
mental and psychological disorders can significantly improve or
even completely relieve the clinical symptoms of some patients,
but some patients still experience drug resistance reactions or
drug side effects in long-term applications or discontinuation
reactions such as palpitations, irritability, dizziness, and
weakness after discontinuation of the drug [12, 13]. More safe
and effective treatments still need to be sought clinically.

+rough long-term clinical practice in Chinese medi-
cine, the author found that in addition to the common
symptoms of dizziness, patients with CSD may also have a
series of symptoms of autonomic dysfunction such as
anxiety, depression, insomnia, forgetfulness, tinnitus, leth-
argy, drowsiness, and dullness. +erefore, the treatment
should focus on the whole, with the principle of regulating
Yin and Yang, mediating the Qi machine, and dredging the
surface, interior, upper, middle, and lower. Based on this, the
application of holographic soup in this study is based on the
theory of holographic nutrition of Chinese herbs, which
believes that a certain material form or nutritional sum in
Chinese herbs has the effect of preventing and controlling a
corresponding certain disease. It is believed that a certain
substance form or total nutrition in Chinese medicinal
materials has the effect of preventing and curing corre-
sponding diseases. +is formula combines decoction of
immature bitter orange, minor bupleurum decoction, cin-
namon twig decoction, peptic powder, and Wuling powder
in one formula. Among them, decoction of immature bitter
orange can dredge Yang and dispel stagnation, resolve
phlegm, and promote Qi and treat the syndrome of stag-
nation of phlegm and Qi in the upper heater [14]. +e
application of the core herbs Radix Bupleuri and licorice in
minor bupleurum decoction can promote Yang and regulate
Qi, harmonize Shaoyang, and mediate the gas machine in
the middle heater [15]; Cinnamon twig decoction can
evacuate the wind chill, reconcile the nutrient and defense,
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Figure 5: Comparison of 3 groups of PSQI scores (x± s, scores).
Compared with the same group before treatment, ∗P< 0.05;
compared with group A after treatment, #P< 0.05; compared with
group B after treatment, ΔP< 0.05.
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and clear the head and eyes. Peptic powder can reduce
dampness and invigorate spleen, regulate Qi and stomach,
and treat the dampness and Qi resistance in the middle
heater [16]. +e application of Wuling powder can invig-
orate spleen and dispel dampness, promote Yang and di-
uresis, and treat the symptom of stagnation of water in the
lower heater [17]. In addition, Shengdi andMoutan bark can
be used to cool blood and disperse blood stasis, which can
treat the syndrome of the heat-stasis in blood. +e herbs are
combined to unify and regulate triple burner, which has the
overall regulating effect of unblocking the surface, interior,
upper, middle, and lower, and communicating nutrient,
defense, Qi, and blood.

In addition, the theory of TCM believes that the human
body is an organic unity, and the physiological activities or
pathological changes of any local organs can affect the
overall physiological and pathological responses. +e
dysfunction of the overall function will inevitably lead to
the physiological and pathological changes of the local
organs. By extension, the phenomenon that a relatively
independent part of an organism contains all the infor-
mation of the whole is a universal law, and this is the
holographic law of living things [18]. Based on this theory,
the ancients believed that the concepts of the five viscera,
six internal organs, Qi and blood, and pulse signs are all
holographic embryo or external manifestations of the
holographic embryo. +ey also applied local therapies such
as head acupuncture, ear acupuncture, wrist-ankle acu-
puncture, and foot therapy to regulate the overall func-
tional state of the patient and by stimulating the projections
of the body’s five internal organs and six internal organs in
the corresponding acupuncture areas of the head, hands,
and feet to achieve the effect of disease prevention and
treatment, which is known as holographic therapy [19, 20].
Based on the above recognition, this study applied holo-
graphic scraping and five-element music to CSD patients in
group C.+e results showed that after treatment, the scores
of DHI, TCM, HAMA, HAMD, PSQI, and FSS in the 3
groups were lower than those before, and the scores of
group C were lower than those of group B and group A, and
group B was lower than group A (P< 0.05). After treatment,
the total effective rates of DHI and TCM scores of group C
and group B were statistically different from those of group
A (P< 0.05), and there was no statistical difference between
group C and group B (P> 0.05). +is suggests that based on
holographic theory, the herbal-scraping duplex method
treatment is more effective in improving vertigo symptoms,
mental symptoms, sleep disorders, and fatigue symptoms in
CSD patients than simple drug treatment. +is group of
holographic scraping is a type of scraping therapy that
promotes blood circulation and removes blood stasis or
detoxification to the patient’s local area, regulates the
corresponding viscera functions, promotes the balance of
Yin and Yang, and improves physical fitness. In previous
studies, after holographic scraping, the body’s antiviral
ability and gastrointestinal absorption function of patients
with headache after mixed hemorrhoid surgery were sig-
nificantly improved. In this group of holographic scraping,
by appropriately stimulating the patient’s holographic and

meridian acupoints, it can promote the decomposition of
some tissue cell proteins and the production of histamine
or histamine-like and can expand local capillaries and
promote blood and lymph microcycle. As a result, the
hypoxic state and material metabolism of the patient’s local
tissues can be improved, which not only helps to achieve
the effect of disease prevention and treatment but also can
play the role of adjusting the whole by local holographic
conditioning; ultimately, patients can fully mobilize their
own potential and promote the improvement of disease
susceptibility. +e coordinated application of the five-el-
ement music, combined with patient’s illness and mental
state dialectically play the corresponding music during
holographic scraping, can promote the patient’s peace of
mind and comfort, and help relieve their anxiety, de-
pression, and other mental symptoms [21]. +erefore, it
also has the effect of improving subjective dizziness.

+e results of this study also showed that during the
treatment period, there was no statistical difference in the
adverse reaction rate of the 3 groups (P> 0.05).+is suggests
that the safety of the application of the herbal-scraping
duplex method to CSD based on the holographic theory can
be guaranteed. In this study, the recurrence rate of the 3
groups was observed after 1 month of drug discontinuation,
and the results showed that the recurrence rate of group C
was 10.00%< 13.33% in group B < 28.33% in group A. +e
recurrence rates of group C and group B were statistically
different from group A (P< 0.05), and there was no sta-
tistical difference between group C and group B (P> 0.05).
+is suggests that integrated traditional Chinese and
Western medicine is more effective than simple Western
medicine in improving the recurrence rate of patients, and it
has a promotion value.

5. Conclusion

In conclusion, this study based on the holographic theory of
the herbal-scraping duplex method applied to CSD patients
had better results in improving symptoms and accelerating
healing, and safety was ensured. In terms of reducing short-
term recurrence, the two integrated traditional Chinese and
Western medicine treatments are better than simple
Western medicine treatment, but in the two integrated
traditional Chinese and Western medicine treatments, the
combined application of the herbal-scraping duplex method
has no significant superimposed effect, and the observation
of their long-term efficacy and recurrence still needs further
in-depth study in the future.
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Prenatal diagnosis is an important means of early diagnosis of genetic diseases, which can effectively reduce the risk of birth
defects. Free fetal cells, as a carrier of intact fetal genetic material, provide hope for the development of high-sensitivity and high-
accuracy prenatal diagnosis technology. However, the number of fetal cells is small and it is difficult to apply clinically. In recent
years, noninvasive prenatal diagnosis (NIPD) technology for fetal genetic material in maternal peripheral blood has developed
rapidly, which makes it possible to diagnose genetic diseases by fetal cells in maternal peripheral blood. .is article reviewed the
current status of fetal cell separation and enrichment technology and its application in noninvasive prenatal diagnosis technology.

1. Introduction

Prenatal diagnosis refers to the detection and diagnosis of an
embryo or fetal development or disease before birth. .e
target population can be divided into the following: ad-
vanced maternal age (≥35 years), chromosomal abnormal-
ities of previous pregnancies or spouses, presence of genetic
disorders in the family, congenital abnormalities, mental
retardation, and increased risk of diagnostic testing. Prenatal
diagnosis is mainly divided into invasive prenatal diagnosis
and noninvasive prenatal diagnosis (NIPD). Invasive pre-
natal diagnosis uses interventional means to obtain fetal
genetic material for analysis, including amniocentesis,
umbilical cord puncture, and transcervical villus biopsy
(TC-CVS) and transabdominal villus biopsy (TA-CVS),
which can be performed in early pregnancy, but they have a
0.3–0.1% risk of procedural miscarriage [1, 2]. Some of these

technologies have come into play late, while others are
limited to a few specific abnormalities and disease detection,
and they have limitations in terms of timeliness, sensitivity,
and scope of detection. .erefore, noninvasive prenatal
diagnosis is becoming a hot topic. Compared with invasive
prenatal diagnosis, NIPD has no risk of abortion, infection,
and other risks, is simple to operate, and is more easily
accepted by pregnant women who need further testing.

NIPD mainly includes diagnosis technology based on
plasma cell-free fetal DNA (cffDNA) and prenatal diagnosis
technology by obtaining fetal cells in maternal peripheral
blood and rare fetal cells in exfoliated cells. DNA fragment
diagnosis technology based on placental cells circulating in
maternal blood has been widely accepted in clinic for
detecting common chromosomal aneuploidy [3–5]. Al-
though fetal cffDNA is abundant and readily available in
maternal plasma, prenatal screening based on cffDNA has
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been used to diagnose trisomy (13, 18, 21) and other genetic
diseases (e.g., thalassemia). However, cffDNA-based diagnosis
has some disadvantages: (1) due to cffDNA fragmentation, it is
difficult to diagnose chromosomal mosaicism, duplication,
deletion, and other abnormalities; (2) cffDNA-based diagnosis
requires deep sequencing with high cost and low sensitivity
[6–8]. Compared with the former, fetal cells contain complete
cell structure and a full set of genomic information, and, with the
progress of single-cell genomic detection technology, research
results show that fetal cells have been able to analyze single-cell
DNA accurately and specifically [9–11]. If these fetal cells were
successfully isolated and their genomic DNAwas amplified on a
genome-wide scale, many types of genetic changes, including
chromosome reversals and translocations, could be clearly de-
tected and, in principle, repeated amplification could be done.
.erefore, this cell-based NIPD is considered as a potential
diagnostic test [12, 13]. Circulating fetal cells have been reported
to be rare cells shed from trophoblast or umbilical cord blood
into the maternal peripheral blood. Usually 1mL of peripheral
blood contains 1× 109 red blood cells and 1× 106 white blood
cells but may contain only 1–10 fetal cells. Although fetal cells
contain complete fetal genome information, due to the small
number of these cells, effective isolation, enrichment, and
identification are the primary premise of using fetal cells for
related genetic analysis..is paper reviews the research progress
of fetalDNAnoninvasive prenatal testing based on fetal cells and
prospects the future development of this field.

2. Classification of Fetal Cells in Maternal
Peripheral Blood

Fetal cells in the peripheral blood of pregnant women are
mainly divided into four categories: fetal nucleated red blood
cells (FNRBC), trophoblasts, leukomonocyte, and gran-
ulocyte may form the cells.

Studies have shown that fetal cells exist in maternal pe-
ripheral blood during pregnancy; compared with maternal
peripheral blood cells and epithelial cells, fetal cells in ma-
ternal peripheral blood content are very small; usually 6–8
fetal cells may only exist in 1ml of maternal blood. .e
number of fetal cells in maternal blood at a given time is
reproducible and can therefore be assessed by cytogenetic
methods [14]. DNA has been successfully isolated from fetal
cells circulating in the blood of pregnant women and can be
used to diagnose fetal sex [3]. However, fetal lymphocytes and
granulocytes may develop maternal tolerance to the fetus, or
to maternal autoimmune diseases, and it can continue for
many years [15]. .is persistence makes circulating
fetal lymphocytes and granulocytes unsuitable for NIPD, as
their presence in subsequent pregnancies may influence test
results. In contrast, FNRBC and trophoblast cells were cleared
from the maternal circulation rapidly after delivery and were
not detected after ≥8 weeks [16]. .erefore, at present, tro-
phoblast cells and fetal nucleated red cells are mainly studied
as fetal cells in prenatal diagnosis. However, despite cell-based
enrichment methods, fetal cells are difficult to grow without
contamination because only a very small number of them are
present in maternal blood [3].

2.1. Fetal Nucleated Red Blood Cells. Among fetal cells in the
maternal peripheral blood, fetal nucleated red blood cells are
the most ideal cells for prenatal screening. Because FNRBC
have complete fetal genetic information, the accuracy of
identification in maternal blood cell populations is high, and
the survival time and life cycle of FNRBC are short. After
delivery, they will disappear completely in the maternal
peripheral blood within 3 months. Prenatal examination
Time will not be affected by past pregnancies [10]. However,
its amount in the maternal blood circulation is very small,
which affects the direct use of it for prenatal diagnosis. After
pregnancy, the placenta becomes the communication bridge
between the mother and the fetus. Similarly, maternal and
fetal cells can exchange through the placenta, and the fetal
cells pass through or fall off the villi and sinus space and
enter thematernal circulation..e number of fetal nucleated
red blood cells in the maternal peripheral blood can be
affected by many factors, such as the number of red blood
cells produced by the fetus itself, the integrity of the placental
structure, and the immune status between the mother and
the fetus. In addition, different cell capture and sorting
methods can draw different conclusions because of their
different sensitivity and specificity. Studies at home and
abroad have shown that, under pathological pregnancy
conditions with abnormal maternal placenta, such as ges-
tational hypertension and gestational diabetes, the number
of fetal nucleated red blood cells in maternal blood is sig-
nificantly increased [17]. FNRBC can be seen in the pe-
ripheral blood of pregnant women in early pregnancy, with
short survival time, significant morphological characteris-
tics, and certain cell surface markers [3]. At present, the
identifiable markers of fetal nucleated red blood cells include
FNRBCs surface or intracellular specific antigens, such as
CD71, GPA, globin, CD36, HLA-G, and EPO-R. .e cells
can be labeled and screened by these positive markers.
Zhang et al. [18] used a microfluidic chip coated with anti-
CD71 antibodies to identify 5–35 FNRBCs per 2ml of
maternal blood starting from 7 weeks of pregnancy, and
SRY-PCR confirmed the fetal origin. However, studies have
shown that these positive antibodies are not highly specific,
leading to large false positives [14, 19]. It shows that, for rare
fetal cells, the loss of fetal cells can be derived from the
positive antibody enrichment method. .erefore, in sub-
sequent research, a combination of positive antibody la-
beling and negative antibody labeling was used, and the
combination of cell surface labeling and intracellular la-
beling was used to improve the capture efficiency.

2.2. Trophoblasts. Circulating trophoblast (CTB) cells are a
type of placental-derived cells. Because of their large size,
special morphology, and easy identification, they are the
easiest cells to separate in theory. Compared with cell-free
DNA, an important advantage of trophoblasts is that they
carry the entire fetal genome without maternal DNA con-
tamination. .e first cells found in the mother’s body are
trophoblast cells, which are different from fetal lymphocytes
and fetal bone marrow cells. .ey will not stay in the
mother’s body for many years after delivery, which will affect
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the test results. .erefore, they have a unique shape and are
closely related to the mother’s body, and they are considered
to have the biggest potential to isolate fetal cells. However,
there are still some problems in the application of tro-
phoblasts:① the best diagnosis time of trophoblasts is early
pregnancy, but only a few trophoblasts exist in the peripheral
blood circulation of pregnant women. ② Because tropho-
blasts are large in size, they are easy to stay in the lung tissue,
resulting in a small amount of maternal peripheral blood.③
.e specificity of trophoblast monoclonal antibody HLA-G
and CD105 is not high. ④ Because trophoblasts come
from placenta, polynuclear characteristics and chimeric
karyotype of aggregated trophoblasts will interfere with
the analysis of genetic results. Chung-Er Huang et al. [20]
used a specific antibody, EpCAM, to connect to a silicon-
based nanostructured microfluidic chip to immunoadsorb
the trophoblasts in the maternal peripheral blood and
then used cytokeratin-7 (+)/HLA-G(+)/DAPI(+) immu-
nofluorescence staining to identify fetal trophoblasts,
HSH, aCGH, STR analysis, and NGS technology for
prenatal diagnosis of chromosomal diseases. Studies have
shown that rare trophoblast cells can be used to diagnose
47, XXY, T18, and T13 syndromes [10]. To sum up, the
fetal cells in the maternal peripheral blood contain the
complete genetic information of the fetus and are one of
the ways to diagnose single-gene diseases. However, due
to their small number and difficulty in isolation, clinical
transformation is limited.

2.3. Lymphocytes. Since the discovery of the karyotype of the
male fetal lymphocytes in the peripheral blood of pregnant
women in 1969, a scientific research team has successfully
isolated the fetal lymphocytes from the maternal blood, but
the fetal lymphocytes enter the maternal blood circulation
relatively late. Due to the slow circulation of fetal lym-
phocytes into the mother’s blood, the number of early
pregnancy in the mother’s blood is small, not in the prime of
prenatal diagnosis. Secondly, lymphocytes still exist in the
maternal peripheral blood for many years after delivery,
which affects the prenatal diagnosis results of the second
pregnancy [3]. In addition, fetal lymphocytes lack specific
monoclonal antibodies. .erefore, fetal lymphocytes are
difficult to use for prenatal diagnosis.

2.4. Granulocyte. .e results of fetal granulocyte research
are very rare. Only one team successfully isolated
granulocytes from the mother’s peripheral blood. .e
team used Ficoll density gradient centrifugation and flow
cytometry to separate cells from the peripheral blood of a
female who had not given birth to a male baby and used
FISH to identify Y signal. .is report may be due to a
technical error or male cells are derived from a previous
pregnancy history. Fetal granulocytes also account for
0.13%–0.26% of maternal peripheral blood mononuclear
cells, but there is no effective data showing that fetal
granulocytes can be used for fetal cell separation and
noninvasive prenatal diagnosis.

3. Main Methods of Separation and
Enrichment of Fetal Cells in Pregnant
Women’s Peripheral Blood

Because fetal cells contain 1 fetal cell in about 105 to 109
maternal cells in the peripheral blood of the mother and
their number is very small, it must be separated and enriched
before it can be used for noninvasive prenatal testing. .e
commonly used methods so far are density gradient cen-
trifugation (DGC), filtration on chip, magnetic activated cell
sorting (MACS), fluorescence activated cell sorting (FACS),
microscope operation method, and so forth. .e above
methods have different fetal cell recovery rates and ex-
traction purity. .erefore, a combination of different
techniques and methods is usually used to improve sample
purity and enrichment efficiency. Each enrichment and
separation method has its own advantages and
disadvantages.

3.1. Density Gradient Centrifugation (DGC). .e density
gradient centrifugation method uses the density difference
between the fetal cells in the maternal blood and other cells
in the peripheral blood tomix and centrifuge the Ficoll of the
appropriate density with the peripheral blood and place the
target cell layer in a specific density zone to separate the
target cells. Studies have proved the role of this method in
enriching nucleated cells and removing maternal red blood
cells. According to the density of the medium used, it can be
divided into single-density gradient centrifugation, double-
density gradient centrifugation, and discontinuous density
gradient centrifugation. Studies have shown that fetal cells
can be separated from maternal blood by double-density
gradient centrifugation [21]. In 2018, Feng et al. used density
gradient centrifugation to initially separate fetal nucleated
red blood cells and then captured them on a microfluidic
chip coated with CD147 antibody and finally obtained 22–56
cells per milliliter of peripheral blood [22]. Domestic
scholars Xu et al. [23] used density gradient centrifugation to
concentrate peripheral blood mononuclear cells (PBMCs)
from whole blood for the first time, greatly increasing the
number of nucleated cells.

DGC is relatively simple in operation, short in time, and
low in cost, but it is usually used as the first step of FNRBC
enrichment, and then the target cells are further purified,
because the number of enriched fetal cells is small and the
purity is low.

3.2. Fluorescence Activated Cell Sorting (FACS). FACS is a
technology to enrich and separate the target cell population
by using the surface antigen of the target cell which spe-
cifically binds to fluorescent antibody. In 2017, Chen et al.
[19] developed a double negative selection (DNS) method to
isolate fetal cells from maternal peripheral blood. .e
method includes first using red blood cell lysate to remove
red blood cells and then using magnetic beads to couple
monoclonal antibodies against leukocyte surface antigen
CD45, using the principle of antigen-antibody specific
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binding to remove leukocytes, and then using FACS to
further remove nontarget cells to obtain a suspension of a
large number of target cells, and finally single cells are se-
lected by the morphology of the fetal cells. In 2021, a study
took male pregnancy cases as the research object, and
FNRBC was isolated from the blood of pregnant women
through FACS [24]. In order to isolate fetal cells from
endocervical specimens and try to identify possible abnor-
malities, Erkan et al. [25]used human leukocyte antigen
(HLA) G233 and placental alkaline phosphatase (PLAP)
antibodies to separate fetal cells from cervical intima
specimens by fluorescence activated cell sorting (FACS) and
magnetic activated cell sorting (MACS). .e results showed
that the percentages of HLA-G233 and placental alkaline
phosphatase (PLAP) positive cells were 4.55% and 84.59%,
respectively. .e positive rate of the two markers was
14.75%.

FACS enrichment is reliable, and the specificity of its
antibody determines the purity of sorted cells. However, the
cost of experimental reagents and equipment is high, the
application is difficult and takes a long time, and it requires
professional operations.

3.3. Microfluidic Chip Filtration Method. Microfluidic chip
filtration method is to separate target cells by using chip
microchannels and the specific size and shape of cells
themselves. In 2015, Han et al. [26] reported that a
microfluidic chip was used to separate FNRBC from ma-
ternal blood by a two-step cascade enrichment method. In
2017, Chinese scholar Zhao et al. [27] developed a bio-
compatible nanostructured microfluidic chip, which can not
only separate FNRBC from maternal peripheral blood very
effectively but also realize the in situ bioanalysis of FNRBC
on the chip. Foreign scholars Benjamin .ierry et al. [28]
published an inertial-based microfluidic chip technology to
separate trophoblast cells in 2018. By removing red blood
cells, the cells were introduced into the chip, and the target
cells were separated according to the different sizes of white
blood cells and trophoblast cells and the inertia received in
the chip. Finally, the target cells were identified by fluo-
rescence in situ hybridization (FISH) and gene sequencing,
and the results were analyzed. .e recovery rate can reach
79%.

.e microfluidic chip method has high sensitivity, but,
due to the high technical and laboratory requirements and
expensive equipment, there may be a greater risk of sample
contamination or loss. .erefore, the technology needs to be
further optimized, and the fetal cell sorting effect needs
further research.

3.4.MagneticActivatedCell Sorting (MACS). MACS uses the
antibody labeled bymagnetic beads to specifically bind to the
target cell antigen and uses the strong adsorption of mag-
netic beads such as attaching magnetic frame to separate the
target cells, which is relatively cheaper than FACS and is
widely used in the study of fetal nucleated red cells sorting.
In 2019, Liesbeth Vossaert et al. used the MACS method to
enrich trophoblast cells and finally enriched to 5.38 cells per

28.5ml in maternal peripheral blood [29]. Foreign scholar
Dragos Nemescu et al. [21] first separated fetal cells from
maternal blood by double-density gradient centrifugation
and then selected magnetic cells according to the para-
magnetism of NRBC hemoglobin, converted into methe-
moglobin, or used anti-CD71 monoclonal antibody for
positive magnetization activated cell sorting enrichment.
Finally, the cells are identified by fluorescence in situ hy-
bridization with specific chromosome X and Y probes.

MACS sorting method has the advantages of short time
and relatively low cost of separating multiple samples at the
same time, and the cells remain active after separation. .e
disadvantage is that, like FACS, the separation purity of
MACS depends on the specificity of antibody, and it is
difficult to avoid mother cell contamination, so it should be
used in combination with other methods.

3.5. Microscope Operation Method. Microscope operation
method is to accurately separate the target cells according to
the characteristics of cells to be separated. Under the op-
eration of platform and system, the whole operation process
can be clearly seen, thus avoiding the loss of cells and the
mixing of nontarget cells. Katarina Ravn et al. [30] collected
blood from 13 pregnant women, used MACS method to
separate and enrich circulating fetal trophoblast cells,
stained with anti-cytokeratin antibody, and identified target
cells using MetaSystems fluorescence microscope scanner.
.e advantage of this method is that it can identify and
obtain a single target cell from the morphology, and the cell
purity is high, which can help us distinguish the fetal origin
and maternal origin of fetal cells, but it is rare in the blood
circulation of pregnant women. In the separation of target
cells, due to the existence of a large number of nontarget
cells, the micromanipulation separation method takes too
long and the workload is huge, which is not conducive to the
preservation and separation of rare samples. At the same
time, it also has the disadvantages of expensive operating
equipment and high requirements for operating technology.

3.6. Method Based on Nanometer Material and Microsphere
Material. .e method based on nanomaterials and mi-
crosphere materials is to add microfluidic sorting platform
or microsphere sorting platform to the original antibody
capture, which significantly improves the antibody capture
efficiency. In 2017, Tseng et al. [10] used PLGA nano-
substrate structure combined with a herringbone micro-
fluidic chip to realize the separation and capture of cTBs.
Domestic scholar Lin Cheng et al. [31] used density gradient
centrifugation for preliminary separation in 2019 and then
captured FNRBC with SiO2 microspheres coated with
CD147 antibody and obtained 42–93 FNRBC/ml in pe-
ripheral blood. Wei et al. [32] combined with nucleated red
blood cells by using microspheres coated with CD147 and
separated by high-density Percoll centrifugation and finally
enriched nucleated red blood cells with an efficiency of 84%
and a purity of 80%. In summary, on the basis and with
application of a large number of experiments, we found that
a single method is difficult to achieve stable and efficient fetal
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cell separation. It requires multiple conditions for simul-
taneous separation, and the efficiency, time, and cost are as
close as possible to the clinical requirements.

4. Identification and Application of Fetal
Cells of Pregnant Women

.e fetal cells enriched and purified by the above methods
are not all fetal sources. Studies have shown that about
22–50% of nucleated red blood cells enriched and purified
from pregnant women’s peripheral blood come from
mothers [33]. .erefore, purified fetal cells from pregnant
women must be identified as fetal-derived or maternally
derived before they can be used for prenatal testing. At
present, the commonly used methods are as follows.

4.1. Fluorescence In Situ Hybridization (FISH).
Fluorescence in situ hybridization uses specific sites of Y
chromosome to design fluorescent probes, and, after hy-
bridization, fluorescent staining can identify male fetal cells.
FISH technology, which can be used as a cytogenetic method
in maternal blood, is one of them. It can directly screen out
abnormal chromosome cells. In 2020, foreign scholars [21]
collected the peripheral blood of 27 pregnant women and
enriched and separated fetal cells through DGC and MACS.
.e FISH analysis found at least one XY cell in 81.5% and
61.5% of cases, respectively, for paramagnetic and anti-CD71
selection. Some studies have used FNRBC specific antibodies
(anti-CD147) to modify gelatin-coated silica beads to cap-
ture target cells in blood samples and then purify them..en
the released cells are analyzed by real-time PCR to verify
their fetal origin, and FISH is used to detect fetal chro-
mosomal abnormalities. .e final test showed that 2 preg-
nant women with male fetuses were confirmed; 4 fetuses
with 21-tris syndrome and 3 fetuses with trisomy 13 were
confirmed [32]. He et al. [27] used an immunoaffinity chip to
separate FNRBC from maternal blood and confirmed the
fetal origin of the separated cells by FISH analysis.

FISH identification is short in time, low in price, and
high in accuracy, but the disadvantage is that it cannot be
used for quantitative analysis of cells, and the identified cells
cannot be used for other detection methods, which is a loss
of cell quantity.

4.2. Polymerase Chain reaction (PCR). PCR refers to the
technique of obtaining exponentially amplified DNA se-
quences by repeating the DNA replication cycle, each cycle
including DNA denaturation, primer annealing, primer
elongation, and other processes. It can amplify the specific
sequence of the entire fetal genome, obtain enough DNA for
analysis, and use a minimum number of cells and quanti-
tative analysis to identify the source of the cells. Yang et al.
[34] used multiplex PCR, target capture, and next-genera-
tion sequencing to perform noninvasive prenatal diagnosis
of thalassemia. Guissart et al. [35] used a universal detection
method for indirect diagnosis of cystic fibrosis (CF) based on
fluorescence multiplex PCR and large and small fragment
analysis. .e results showed that noninvasive prenatal

diagnosis from maternal peripheral blood was successfully
applied 30 couples. .e human leukocyte antigen sequence
is specifically expressed by fetal cells, not limited tomale fetal
cells, and can also be identified and quantified by PCR
technology. At present, the sensitivity of this type of tech-
nology has been improved, and target gene amplification can
be achieved in single cells.

4.3.WholeGenomeAmplification (WGA). Single-cell whole-
genome sequencing technology is a technology to amplify
and sequence the entire genome at the single-cell level. .e
main principle is to amplify a small amount of whole-ge-
nome DNA in a single cell. .en, after obtaining a high-
coverage whole genome, high-throughput sequencing is
performed. .e prerequisite for obtaining accurate and
comprehensive sequencing results is high-coverage, high-
fidelity whole-genome amplification products. At present,
there are three main methods for the more commonly used
WGA : degenerate oligonucleotide PCR technology, multi-
ple displacement amplification, and so forth. For cells fixed
with soluble polytetrafluoroethylene PFA, various WGA
methods need to be optimized. In 2016, the whole-genome
approach was used to explore NIPD whole-genome se-
quencing for single-gene genetic diseases, combined with a
series of bioinformatics screening, to increase the positive
predictive value of new fetal mutation detection to 74% [36].
Scholar Weymaere et al. [37] discussed the effectiveness and
evidential value of STR and SNP genotyping methods for 24
single cells afterWGA in three families, using formaldehyde-
fixed cells and unfixed cells in the offspring-parent com-
bination. .e results showed that the two genotyping
methods could be used in all test conditions and scenarios,
and the sensitivity and specificity are 100%, and the evidence
values for fixed cells and nonfixed cells are similar. In ad-
dition, sequence-based SNP genotyping has higher evi-
dential value than length-based STR genotyping after WGA,
which cannot be observed using a large number of high-
quality progenitor DNA samples.

4.4. High-�roughput Sequencing Technology (NGS).
High-throughput sequencing technology can comprehen-
sively analyze the genome and transcriptome of a species.
Compared with traditional PCR or FISH, NGS can provide
high-throughput and basic-level genetic analysis informa-
tion more quickly, and NGS can detect and analyze multiple
gene loci at the same time, which is the gold standard for
maternal and fetal cell recognition. It does not need multiple
restriction endonuclease digestion reactions, and the accu-
racy rate is higher than that of traditional methods, reaching
100%, which is the direction of cell recognition in the future.
NGS still has some disadvantages, such as high cost and
inconvenient separation of target cells. Hua et al. [38] found
in 2015 that the whole-genome sequencing (WGS) method
can successfully detect aneuploidy diseases in individual
FNRBC. With the increasing optimization of technology,
those diseases caused by insertion/deletion and point mu-
tation are expected to be confirmed by fetal cells in maternal
blood. Yu et al. [39] used NGS to detect fetal aneuploidy, and
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NIPD was used to detect aneuploidy in 26 fetuses, of
which 18 fetal aneuploidies occurred in only one fetus of
twins. .e aneuploidy rates of double-chorionic twins
were 1.3% and 0.5% of single-chorionic twins. .e inci-
dence of aneuploidy was 1.2% in the spontaneous preg-
nancy group and 1.1% in the assisted reproductive
technology group. Huada Gene Research Group, for the
first time, confirmed that the fetal cells separated by
double negative selection combined with deep sequencing
(used for screening single-gene diseases) had high-cov-
erage rate of WGS (86.8%) and allele loss rate of 24.90%
[19]. In 2021, the scholar Noriko et al. [24] have found that
FNRCs in the maternal circulation can be selectively
separated by single-cell sorting, and their fetal origin can
be confirmed by real-time PCR and WGS.

Fetal cells in the peripheral blood of pregnant women
can be used as a source of genetic material for prenatal
testing after identification, and corresponding molecular
biology techniques can be used to detect diseases. At
present, FNRBC has been applied to noninvasive prenatal
diagnosis, detecting fetal-related phenotype and diseases
such as fetal sex, the blood type, chromosome abnor-
mality, and HLA polymorphism. Some scholars [31]
carried out prenatal testing of the fetal ABO blood type by
capturing FNRBC and testing the obtained samples. It was
shown that the results of testing the fetal blood type were
consistent with the results after birth. In 2018, Zhang et al.
[18] used fetal nucleated red blood cells to conduct gender
identification. Experiments showed that the gender of 20
samples of fetuses was consistent with the detection re-
sults of free DNA. At present, FNRBC can be labeled and
screened by corresponding markers, such as CD36, HLA-
G, globin, and CD71.

In recent years, due to the discovery of new antigens on
the surface of trophoblasts and the introduction of new
enrichment methods, the application of trophoblasts in
prenatal diagnosis has attracted people’s attention. A study
in 2016 pointed out that the multisite STR and SNP se-
quencing analysis of the enriched trophoblast cells found
that their genotypes are completely consistent with the
placental genotypes [40]. Vossaert et al. showed in 2018 that
circulating trophoblast cells can be separated by single cells
for the detection of chromosome microdeletion, with a
resolution of up to 1 to 2Mb [41].

For fetal lymphocytes and granulocytes, fetal lym-
phocytes are similar to maternal lymphocytes in im-
munology, and it is not easy to find fetal specific
antibodies, so it is not the best choice for prenatal di-
agnosis. At present, there is no report of successful
isolation of fetal granulocytes, so it is rarely used in
prenatal diagnosis.

With the development of technology, fetal cells in ma-
ternal peripheral blood will play an important role in
monogenic genetic diseases. Besides, these cells can also be
used to understand fetal ABO type [31]. It has a certain
significance for the diagnosis of neonatal hemolysis. NGS
can be used to identify the fetal genotype, which is also of
guiding significance to the nutrition absorption during
pregnancy and prenatal and postnatal care.

5. Problems and Prospects

In conclusion, maternal peripheral blood fetal cells have a
wide range of applications and development prospects in
prenatal diagnosis and prenatal screening, and technical
optimization and clinical data demonstration are still needed
to evaluate whether it can truly surpass the existing NIPT
detection and become a real technical method for clinical
application. At present, the enrichment and detection
methods of fetal cells in maternal peripheral blood are not
perfect. .erefore, we need to further search for more ef-
fective and more sensitive identification methods. In ad-
dition, a unified quality evaluation standard should be
established for the various enrichment and detection
methods developed, which is more conducive to promoting
the clinical transformation of circulating fetal cells. It is
believed that, with the continuous development and opti-
mization of science and technology, its application prospect
is more and more broad. .e detection methods of fetal cells
in peripheral blood of pregnant women will get more choices
and be widely used in prenatal diagnosis.
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-is study explores the effect of baclofen on the malignant phenotype of glioblastoma (GBM) and the growth of xenograft tumors
and investigates the related mechanisms, aiming to reveal the effect of baclofen on the occurrence and development of GBM.-e
development of new therapeutic drugs for GBM lays a theoretical and experimental foundation. Research results show that
baclofen could inhibit GBM cell proliferation and migration and promote GBM cell apoptosis; baclofen dose- and time-de-
pendently could induce GBM cell YAP phosphorylation. YAP participated in the effect of baclofen on GBM cell proliferation and
migration inhibition. Baclofen induced YAP phosphorylation in GBM cells through the GABABR2-Gs-Lats1/2 signaling pathway.
Baclofen could inhibit the expression of survivin and Bcl2. Baclofen inhibits subcutaneous tumors by inducing YAP phos-
phorylation in vivo.

1. Introduction

Glioma is the most important and common central nervous
system tumor and fatal primary brain tumor [1]. It is es-
timated that glioblastoma (GBM) accounts for 55% of all
brain tumors [2]. Although radiation therapy, chemother-
apy, and surgery have made great progress in the treatment
of tumors, the prognosis of malignant GBM is still very poor,
and the average survival time of patients is less than 1.5 years
[3]. GBM is high malignant glioma. -e molecular mech-
anism of GBM is a multistep development process of
multigene changes [4]. In clinicopathology, the occurrence
of GBM can be expressed in two different ways: primary and
recurrent, suggesting that there may be some differences in
molecular genetic changes between primary and recurrent
GBM [5]. Previous efforts in GBM genome characterization
identified GBM genes including growth factor receptors
(EGFR, KIT, PDGFRA, FGFR1, FGFR3, and MET), mito-
gen-activated protein kinase (MAPK), and phosphoinositide
3-kinase (PI3K) signaling pathways, which includes PTEN,
PIK3CA, NF1, BRAF, cell cycle pathways (MDM2, TP53,

CDK4/6, and RB1), and others (IDH1, MYC, and MYCN)
[6]. With the further understanding of the molecular
pathways driving malignant tumors in malignant GBM,
various biomarkers and several drugs targeting specific
molecular pathways in malignant cells have been developed.
Despite the progress of current treatment, the prognosis of
GBM is still poor, and the median survival time is only 12–15
months [7, 8]. In addition, in GBM, rapid tumor develop-
ment and resistance to chemotherapy and radiotherapy are
common, resulting in low 1-year survival. -erefore, further
research is needed to explore the molecular mechanism of
glioma progression and find new and effective glioma
treatment strategies.

-e Hippo pathway is an evolutionary conserved kinase
cascade. -e mammalian Hippo pathway consists of a dual
kinasemodule, in whichMst1 andmst2 (Hippo homology in
Drosophila) cooperate with their binding partner SAV1 to
phosphorylate and activate Lats1/2. With the help of co-
factor mob-1, they directly phosphorylate YAP and TAZ,
resulting in cytoplasmic retention and proteomic degrada-
tion. In the “Hippo OFF” state, YAP/TAZ is set free of
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inhibitory phosphorylation [9]. When the upstream kinase is
inactivated, dephosphorylated YAP/TAZ translocates to the
nucleus, binds to TEAD1-4, and induces the expression of
target genes [10]. Hippo signaling pathways play pivotal roles in
governing organ size through balancing cell proliferation and
apoptosis; moreover, accumulating evidence suggests that the
Hippo pathway is dysregulated in GBM [11]. Studies have
found that YAP-expressed GBM cells showed stronger tu-
morigenicity and caused enhanced tumor growth [12].
Nicholas Artinian et al. discovered that Ser760-phosphorylated
AMOTL2 is incapable of binding YAP and leads to YAP-in-
duced GBM cell migration and invasiveness [13]. Although the
overexpression of YAP promotes the proliferation and invasion
of GBM cancer cell lines, the role of YAP in the formation and
progression of new cancers remain unclear. Understanding the
molecular mechanism of heterogeneous tumor cell population
in brain tumors may have a far-reaching impact on treatment
management.

c-Aminobutyric acid (GABA) is an important inhibitory
neurotransmitter in the central nervous system. It has good
water solubility and thermal stability. It has been proved that
GABA, as a small molecular weight nonprotein amino acid, has
edible safety and can be used in the production of beverages
and other foods. Studies have shown that a certain amount of
GABA can improve the body’s sleep quality and reduce blood
pressure. GABA acts on two different types of receptors and
provides a powerful inhibitory effect based on their physio-
logical and pharmacological properties. GABA type A
(GABAA) receptor is a ligand-gated chloride channel which
mediates fast inhibitory signals through rapid postsynaptic
membrane hyperpolarization, whereas the metabotropic
GABAB receptor produces slow and prolonged inhibitory
signals via G proteins and second messengers. GABAB re-
ceptors are members of class CG protein-coupled receptor
(GPCR) family. GABAB receptors are prototypical hetero-
dimers of R1 and R2 subunits; it is necessary for GABAB
receptors to form R1/R2 heterodimers to produce GABA-
mediated GPCR functions. Recent studies suggest that the
Hippo pathway is a downstream branch of GPCR signaling.
Many GPCRs mediated signals can modulate YAP/TAZ ac-
tivity depending on the type of downstream G proteins [10].
However, GABA signaling remains extremely complex, and the
multiple possible interaction of GABA (B) subunits with the
Hippo pathway in GBM has not been well established. -e
mechanism of action of related proteins is shown in Figure 1.

Baclofen, (±)-4-amino-3-(p-chlorophenyl)-butanoic acid,
is a structural analog of GABA. Baclofen can cross the blood-
brain barrier via neutral amino acid transporters, acting as
agonist of the GABAB receptor [14–16]. Baclofen was shown
to reduce hepatocellular carcinoma, gastric, and colon cancer
development in vitro and in vivo [17, 18], but its relationship
with GMB has not yet been reported so far. In this study, we
found that baclofen could inhibit the proliferation and mi-
gration of GBM cells, which reduce the invasiveness of GBM,
in a dose- and time-dependent manner. Molecular mecha-
nisms underlying the baclofen’s effects are related to YAP of
the Hippo pathway. What is more, baclofen induced phos-
phorylation of YAP in GBM cells through the GABABR1/2-
Gs-Lats1/2 signaling pathway, which leads to the degradation

of YAP, and pYAP could not activate the downstream sur-
viving genes such as survivin and Bcl2, and lower level of
proliferation-associated genes may be the reason of tumor
inhibition. -is may explain baclofen GBM cancer inhibition
mechanism.

2. Methods

2.1.Cell Culture andTransfection. U251 cells were purchased
from Cell bank of representative culture preservation
Committee of Chinese Academy of Sciences. U251 cells were
cultured in DMEM (Dulbecco’s modified Eagle’s medium,
-ermoFisher, Shanghai, China) supplemented with 10%
FBS (fetal bovine serum, -ermoFisher, Shanghai, China)
and cultured at 37°C in a 5% CO2 incubator. GABABR2
shRNA plasmids (sc-42463-SH) were purchased from Santa
Cruz; YAP downregulated and upregulated lentiviruses were
constructed and obtained from GeneChem (Shanghai,
China). -e transfection process was carried out according
to the manufacturer’s guidance.

2.2. ProliferationAssay [19]. Cell Counting Kit-8 (APExBIO,
USA) was purchased for detecting the cell proliferation rate.
1× 103 treated cells were seeded in 96-well plates per well
and cultured at 37°C and 5% CO2 for 24 hours. Cells were
cultured after 12, 24, and 48 hours, respectively, and in-
cubated with CCK-8 testing solution for 2 hours. -en,
absorbance was measured at the wavelength of 450 nm to
represent the cell proliferation ability.

2.3. Transwell Assay [19]. Cell suspension was prepared, and
1× 105 cells/well were inoculated into the supraventricular
cavity of Transwell. 100μL serum-free DMEM medium was
added to the superior chamber: 15% fetal bovine serum and
600μL DMEM medium. -e cells were routinely cultured for
24 hours.-en, the cells on the surface of the lower membrane
were fixed with 4% paraformaldehyde and stained with crystal
violet. -e migrated cells were fixed and counted.

2.4. Western Blot. -e total protein of GBM cells was
extracted, and the protein concentration was measured. Make
SDS-polyacrylamide gel to separate the protein and transfer it
to PVDF membrane (Millipore, USA). 5% nonfat milk was
used to block the transferred PVDF membrane. -en,
phospho-YAP (1 :1000), YAP (1 :1000), GABABR1 (1 : 500),
anti-GABABR2 (1 : 2000), Lats1 (1 :1000), Lats2 (1 :1000),
survivin (1 :1000), and Bcl2 (1 :1000) primary antibodies were
incubated overnight at 4°C, and secondary antibodies (1 :
10000) were incubated for 1 hour. ECL chemiluminescent kit
and Quantity One software were used to detect the protein
expression level.

2.5. Apoptosis [19]. FAM-FLICA® caspase-3/7 assay kit was
used to detect the apoptosis rate. FLICA was added to each
sample at 1 : 30 and incubated for 1 hour. -en, the fluo-
rescence microscope was used to detect the caspase3/7 ac-
tivity. FAM-FLICA excites at 492 nm and emits at 520 nm.
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2.6. Animal Model. Ten four-week-old nude mice were
recruited (18–22 g, Beijing Weitong Lihua Laboratory An-
imal Technology Co., Ltd.). We used 2×106 U251 cells to
subcutaneously inject into the left flank of the nude mice.
Mice were randomly classified into the control group (0.9%
NaCl injected from tail vein) and baclofen treatment group
(100 μM baclofen injected from tail vein). -irty days later,
the tumor was collected, and the changes of various proteins
in the tumor tissue were detected. Tumor volume was cal-
culated as 0.5× length×width2 every third day.

2.7. Statistics. -e statistics analysis was conducted, and
figures were graphed using GraphPad Prism 8.2. Student’s
t-test was used to evaluate the differences between two
groups. One-way ANOVA was used to investigate the sta-
tistical significance among multiple groups. P< 0.05 was
thought to be statistically significant.

3. Results

3.1. Baclofen Inhibited Proliferation and Migration and Pro-
moted Apoptosis of GBM Cells. In order to investigate the
function of baclofen, we treated GBM cells (U251) with 10,
50, 100, and 120 μM baclofen for 18 hours. After that, we
found that 100 μM or more baclofen could significantly

suppress the viability of U251 (Figure 2(a)). Moreover,
baclofen could inhibit the migration of and promote the
apoptosis of GBM cells (Figures 2(b) and 2(c)).

3.2. Baclofen Dose- and Time-Dependently Induced Phos-
phorylation of YAP in GBM Cells. We treated U251 cell line
with 10, 50, 100, and 120 μM baclofen, respectively. -e
results turned out that YAP phosphorylation was induced
when treated with 50 μM baclofen; besides, 100 μM baclofen
was the optimal concentration in inducing the phosphor-
ylation of YAP (Figure 3(a)). Furthermore, we used 100 μM
baclofen to treat U251 cell line for 12, 18, 24, and 36 hours
and found that the phosphorylation of YAP was induced on
the condition that baclofen was incubated with U251 cell line
for at least 18 hours (Figure 3(b)).

3.3. YAP Involved in Baclofen-Induced Inhibition of Prolif-
eration and Migration of GBM Cells. After downregulating
the expression of YAP, the proliferation and migration
ability of U251 were significantly suppressed (Figures 4(a)
and 4(b)). Besides, the overexpression of YAP resulted in
increased proliferation and migration rate (Figures 4(c) and
4(d)). We then increased the YAP expression in baclofen-
incubated U251 cell line, and we noticed that baclofen-

Figure 1: Diagram of the mechanism of protein action.
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induced inhibition of cell viability was significantly sup-
pressed (Figure 4(e)). Moreover, Transwell assay showed
that the baclofen-related suppression on migration ability
was recused by YAP overexpression as well (Figure 4(f)).

3.4. Baclofen-Induced Phosphorylation of YAP in GBM Cells
through GABABR2-Gs-Lats1/2 Signaling Pathway. We
found that CGP 35348, a GABAB receptor antagonist,
could reverse the baclofen-induced inhibition of prolif-
eration of GMB cells; however, SR 95531 hydrobromide, a
GABAB receptor antagonist showed a limited effect on
baclofen-mediated proliferation inhibition (Figures 5(a)
and 5(b)). After treated with baclofen, we detected the
significant increase in the expression of GABABR2 and
Lats1; however, the expression of Lats2 was not signifi-
cantly influenced (Figure 5(c)). After downregulating the
expression of GABABR1 and GABABR2, respectively, we
found that only GABABR2 knock down reversed the
baclofen-induced inhibition of proliferation of GMB cells,
suggesting that it is GABABR2 not GABABR1 that acted
as the potential downstream target of baclofen
(Figures 5(d) and 5(e)). Furthermore, we detected an
increased expression of cAMP in U251 after treating with

baclofen, indicating that GABABR2-Gs might be activated
(Figure 5(f )).

3.5. Survivin and Bcl2 Acted as Downstream of YAP. We
found that survivin and Bcl2 expression can be suppressed
by baclofen treatment (Figure 6(a)). We assumed that
survivin and Bcl2 were the downstream target of YAP.
-erefore, we downregulated the expression of YAP and
found that the expressions of survivin and Bcl2 were sup-
pressed (Figure 6(b)); meanwhile, YAP overexpression led to
upregulation of survivin and Bcl2 (Figure 6(c)).

3.6. Baclofen Inhibited Subcutaneous Tumors Generated by
Inducing YAP Phosphorylation In Vivo. We have recruited
10 mice and classified them into treatment (baclofen) and
control group (0.9% NaCl). We found that baclofen sig-
nificantly decreased the tumor growth in vivo (Figures 7(a)
and 7(b)).

3.7.Changes ofTransplantedTumorTissues inNudeMice after
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expression level of phosphorylated YAP protein in the

Control YAP overexpression

(d)

C
ell

 su
rv

iv
al

 ra
te

 (%
)

*150

100

50

0

C
on

tro
l

Ba
clo

fe
n

YA
P 

ov
er

ex
pr

es
sio

n

YA
P 

ov
er

ex
pr

es
sio

n
+ 

Ba
clo

fe
n

(e)

Control YAP overexpression
+Baclofen

(f )

Figure 4: YAP involved in baclofen-induced inhibition of proliferation and migration of GBM cells. ∗Statistical significance compared with
the control group.

Journal of Chemistry 5



C
el

l s
ur

vi
va

l r
at

e (
%

) *

150

100

50

0

C
on

tro
l

CG
P 

35
34

8

Ba
clo

fe
n

CG
P 

35
34

8+
Ba

clo
fe

n

(a)

C
el

l s
ur

vi
va

l r
at

e (
%

)

*

150

100

50

0

C
on

tro
l

Ba
clo

fe
n

SR
 9

55
31

 H
yd

ro
br

om
id

e

SR
 9

55
31

 H
yd

ro
br

om
id

e
(b)

NC Baclofen NC Baclofen

GABAbR2

Lats1

Lats2

GADPH

GADPH

(c)

C
el

l s
ur

vi
va

l r
at

e (
%

)

*

*

150

100

50

0

C
on

tro
l

G
A

BA
BR

1 
kn

oc
k 

do
w

n

G
A

BA
BR

1 
kn

oc
k 

do
w

n
+ 

Ba
clo

fe
n

(d)

C
el

l s
ur

vi
va

l r
at

e (
%

)

*
150

100

50

0

C
on

tro
l

G
A

BA
BR

2 
kn

oc
k 

do
w

n

G
A

BA
BR

2 
kn

oc
k 

do
w

n
+ 

Ba
clo

fe
n

(e)

RL
U

*

4000000

3000000

2000000

1000000

0

C
on

tro
l

Ba
clo

fe
n

(f )

Figure 5: Baclofen-induced phosphorylation of YAP in GBM cells through the GABABR2-Gs-Lats1/2 signaling pathway. ∗Statistical
significance compared with the control group.
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transplanted tumor tissue of nude mice after the treat-
ment of baclofen was significantly increased, indicating
that the phosphorylation of YAP could also be induced by
baclofen in vivo (Figure 8(a)). -e expression levels of
GABABR2 and Lats1 proteins in transplanted tumor
tissues after the treatment of baclofen were significantly
higher than those in the control group, indicating that
baclofen can also promote the expression of GABABR2
and Lats1 proteins in vivo (Figure 8(b)). -e expression
levels of survivin and Bcl2 proteins in transplanted tumor
tissues after baclofen treatment were significantly lower
than those in the control group, suggesting that survivin
and Bcl2 proteins expression could also be inhibited by
baclofen in vivo (Figure 8(c)).

4. Discussion

GBM is the most frequent and most aggressive malignant
primary brain tumor in adults, representing a highly het-
erogeneous group of neoplasms that are among the most
aggressive and challenging cancers to treat.-ese tumors are
typically associated with dismal prognosis and poor quality
of life. It is the most frequent primary brain tumor, with a
median overall survival (OS) between 10 and 20 months.
High-grade gliomas are the leading cause of central nervous
system (CNS) cancer-related death in both children and
adults. Most people suffering from GBM, especially the
elderly, have a lower survival within one year [4]. In GBM,
the clinical trials of targeted therapy for most patients have a
limited success rate, indicating that the current medical
community still lacks understanding of the pathophysiology
of gliomas.

Studies have shown that the GABAB signaling path-
way participates in the occurrence of GBM through
metabolic reprogramming and genetic transformation
and accelerates the replication and progression of glioma.
GABAB can upregulate cytoskeleton protein and intra-
cellular Ca2+ level and increase the release of glutamate, so
as to promote the formation of synaptic-like connection
and the surrounding cell microenvironment [20]. GHB
(4-hydroxybutyrate) exists in human brain and can act on

GABA receptor (GABABR). GABABR is mainly the main
inhibitory neurotransmitter in the somatosensory system.
Research has showed that GHB inhibits proliferation of
GBM stem-like cells and alleviated tumor aggressiveness
[21]. -erefore, GPCR is the main target of drugs at
present, and the GPCR-Hippo signal pathway is a complex
signal network. Drugs targeting GPCRs, G protein, or
downstream signal nodes may affect effectors such as
YAP/TAZ [10].

-e main functions of YAP/TAZ include regulating cell
proliferation and survival, maintaining the self-renewal of
adult stem cells, participating in organ development, tissue
size regulation, tissue regeneration, and so on. -e Hippo
signal pathway is a common YAP/TAZ upstream signal
pathway, which was first found in the screening of tumor
suppressor genes in Drosophila. Subsequently, the four core
components of the signal pathway were revealed succes-
sively, includingWars, Salvador (SAV1/WW45), Hippo, and
Mats.When the Hippo signaling pathway is turned on, YAP/
TAZ is phosphorylated by Lats1/2 at multiple sites, interacts
with 14-3-3, and is retained in the cytoplasm; phosphory-
lation also leads to YAP/TAZ polyubiquitination and deg-
radation [22]. When Hippo signaling is off, its
dephosphorylated morphology could translocate into the
nucleus to bind TEAD and VGLL4 to regulate target gene
transcription. -e functional mechanism of YAP/TAZ
protein is shown in Figure 9.

Studies have shown that YAP phosphorylation can be
mediated through relevant contact between cells, trans-
mission of mechanical signals, induction of stress signals,
cell polarity/structure, and cell cycle [23]. GPCR and Rho
can promote YAP/TAZ nuclear localization and tran-
scriptional activities. Stimulation of Gα-coupled receptors
by multiple ligands, including lysophospholipids sphingo-
sine 1-phosphate (S1P), lysophosphatidic acid (LPA),
thrombin, estrogens, and acetylcholine, results in YAP/TAZ
activation through the promotion of a RhoGTPase-regulated
F-actin cytoskeleton in a manner that is either Lats1/2-
dependent or independent. When tumors occur, the dys-
function of the Hippo signaling pathway can lead to the
dephosphorylation and activation of YAP, which in turn
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Figure 7: Baclofen inhibited subcutaneous tumors generated by inducing YAP phosphorylation in vivo. ∗Statistical significance compared
with the control group.
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induces Ki67, c-Myc, SOX4, H19, AFP, BIRC5/survivin,
BIRC2/cIAP1, and other cell proliferation-related genes, and
apoptosis inhibits high expression [22].

Animal experiments show that YAP activation can cause
tissue overgrowth, injury, and multiple organ lesions,
resulting in tumor formation [24]. TAZ upregulation is
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Figure 8: Changes of transplanted tumor tissues in nude mice after baclofen treatment.
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detected in most GBMs, and high TAZ mRNA levels are
associated with reduced survival. High levels of YAP ex-
pression are found in all levels of glioma subsets and are
associated with shorter survival in glioma patients. SCID
mice were injected with primary GBM cell line in situ, and
TAZ gene knockout impaired tumor formation [11].

Baclofen has been used in treating this tumor in neu-
roscience for quite a time, but the precise mechanism of how
baclofen inhibits GBM remains elusive. In this study, we
have proved that baclofen can inhibit GBM cells invasion.
-e CCK-8 test and Transwell test proved that baclofen can
inhibit GMB cells’ proliferation and migration. Baclofen
could induce phosphorylation of YAP; as shown in Figure 9,
the phosphorylated YAP retained in the cytoplasm and is
degraded, leaving the downstream genes inactivated.
Western blot analysis shows that the level of phosphorylated
YAP is dose and time-dependent of baclofen. -is may be
the possible mechanism of baclofen in inhibiting the pro-
gression of GBM.

In most cases, soluble factors regulate YAP through their
homologous G protein-coupled receptors and related G
protein subunits through theHippo pathway, so as to bind to
small GTPase, RhoA, and rock, resulting in the change of
Lats1/2 activation [23]. To determine which receptor was
involved, siRNAs against the catalytic subunits of
GABABR1/R2 and Gs and YAP upstream Lats1/2 were used.
Western blot results show that baclofen-induced pYAP was
reversed by these siRNAs, suggesting that YAP is activated
by the GABABR1/2-Gs signaling pathway and is likely to be
a direct substrate of Lats1/2.

We further examined the role of baclofen as a down-
stream effector in the expression of survivin and Bcl2. As
shown in Figure 4, baclofen significantly decreased survivin
and Bcl2 expression in bothmRNA and protein levels, which
means pYAP could not activate the transcription of genes
that promote cellular survival, such as survivin and Bcl2,
which means baclofen could inhibit tumor progression in
affecting the expression of the survival genes, and lower level
of proliferation-associated genes may be the reason of tu-
mor-inhibition.

Bcl2 family members can counteract the BAK/BAX’s
ability to induce apoptosis; when in stress, BH3 members
activate BAK/BAK, resulting in mitochondrial outer
membrane permeabilization (MOMP). MOMP results in
cytochrome c release, activation of downstream caspase, and
finally cell death. During tumorigenesis, antiapoptotic Bcl2
is upregulated to make cancer cells survive. [25] -e beta-
catenin YAP1-TBX5 complex transcriptionally upregulated
Bcl2 family members, thus suppressing the mitochondrial-
induced apoptosis pathway in cancer cells [26]. Other than
Bcl2 family proteins, a second gene family called inhibitor of
apoptosis protein (IAP) has been identified, which regulates
various important aspects of cell survival. Survivin (encoded
by BIRC5) is a member of the IAP family, which is over-
expressed in most of the malignancies and totally absent in
most of the normal tissues. Survivin has two main functions
in cancer cells: (1) regulate mitosis by forming chromosome
passenger complex (CPC) with other proteins and (2) in-
hibition of apoptosis by direct inhibition of active caspases

[27]. It is reported that survivin is a target of YAP because
the level of survivin increases significantly when YAP is
activated. Here, we determined the functional relationship
between YAP and survivin in GBM environment.

5. Conclusion

Together these studies suggest the following:

(1) GABAB inhibits the GBM
(2) For the first time, we proved that baclofen could be

used as a drug against GBM
(3) Baclofen takes effect by the GABAB signaling

pathway
(4) YAP could promote GMB
(5) -us, our findings confirm the regulatory relation-

ship between YAP/TAZ and GABA signaling
pathway.
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Gastric cancer is the fifth most common cancer type in the world. +e incidence and mortality of gastric cancer in China ranks
second among malignant tumors in the country. At present, the main treatment method of gastric cancer is still surgical resection
combined with chemotherapy. However, chemotherapy drugs will cause serious toxic and side effects on other normal tissues and
cells. At the same time, chemotherapy drugs can make patients develop drug resistance and seriously affect the curative effect. By
contrast, Chinese medicine has more advantages in the treatment of cancer. Dangshen (Radix Codonopsis), a traditional Chinese
medicine, has been proved to be effective for the clinical treatment of gastric cancer. However, due to the complex components of
Dangshen, the main active components and pharmacological mechanism for its treatment of gastric cancer are still unclear. In this
study, the main active components and pharmacological mechanism of Radix Codonopsis in the treatment of gastric cancer were
preliminarily explored based on network pharmacology and molecular docking. We obtained bioactive compounds and targets
from Radix Codonopsis from the Chinese Medicine System Pharmacology Database (TCMSP) and constructed the active
ingredient-target network of Codonopsis pilosula. We then obtained targets related to gastric cancer from the disease database.+e
common targets of Radix Codonopsis and gastric cancer were the key target of Radix Codonopsis for the treatment of gastric
cancer. +en, we used Metascapedatabase to conduct functional enrichment analysis on the key targets of Radix Codonopsis for
the treatment of gastric cancer to clarify the mechanism of Radix Codonopsis for the treatment of gastric cancer.We constructed a
network to screen themain bioactive compounds and therapeutic targets, assessed the prognostic value of the main target genes by
survival analysis, and finally assessed the binding affinity of the main target genes and main bioactive compounds of Radix
Codonopsis for the treatment of gastric cancer by molecular docking. +e results showed that the main active compounds of
Codonopsis pilosula in treating gastric cancer were luteolin and cryptotanshinone, which played a role in the treatment of gastric
cancer through the multitarget and multipathway mechanism.

1. Introduction

Gastric cancer is the fifth most common cancer type in the
world and the third leading cause of cancer death in the
world. Its incidence and mortality rate ranks second among
malignant tumors in China, seriously affecting people’s
quality of life and social and economic development [1]. +e
occurrence of gastric cancer is mainly related to smoking [2],
advanced age [3], heredity [4], andHelicobacter pylori [5]. At
present, the main treatment methods of gastric cancer are
still surgical resection and chemotherapy [6]. However,
chemotherapy drugs will produce serious toxic and side

effects on other normal tissues and cells. At the same time,
chemotherapy drugs can make patients develop drug re-
sistance and seriously affect the curative effect [7]. By
contrast, Chinese medicine has more advantages in the
treatment of cancer due to its advantages of small toxicity
and side effects. Studies have also shown that Chinese
medicine not only has a unique advantage in the treatment
of tumors but also plays an important role in promoting the
recovery of tumor patients after tumor resection [8]. In
China, Chinese medicine plays an important role in the
comprehensive treatment of gastric cancer, among which
Codonopsis pilosula plays an important role in the treatment
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of gastric cancer. Codonopsis pilosula, as a traditional
Chinese medicine, has many pharmacological activities and
important medicinal value and can be used in combination
with other traditional Chinese medicines to treat various
diseases. +e pharmacological activities of Codonopsis
pilosula mainly include regulating immunity [9], cardio-
vascular protection [10], neuroprotection [11], regulation of
gastrointestinal function [12], antibacterial [13], antiaging,
and antioxidant effects [14]. At present, China’s Food and
Drug Administration has approved nearly 200 kinds of
health food containing Radix Codonopsis. Radix Codo-
nopsis has the efficacy of invigorating the spleen and
tonifying the lung, which has a significant therapeutic effect
on gastric cancer clinically. However, due to the complex
components of Radix Codonopsis, the main active com-
ponents and pharmacological mechanism of Radix Codo-
nopsis in the treatment of gastric cancer are still unclear.

As the cutting edge of Chinese medicine research,
network pharmacology technology integrated chemical,
medical, and biological data and integrated the ideas of
system biology and multidirectional pharmacology. Cur-
rently, it has been applied to many fields, such as target
recognition of new drugs, discovery of lead compounds,
research on action mechanism, and screening of material
basis [15]. +e network pharmacology combined with
molecular docking provided a feasible method for eluci-
dating the multicomponent and multitarget action mecha-
nism of Chinese medicinal compound preparations [16]. In
this study, network pharmacology and molecular docking
were used to preliminarily explore the main active com-
ponents and pharmacological mechanism of Radix Codo-
nopsis in the treatment of gastric cancer, study the
interaction between the chemical components of Radix
Codonopsis and antigastric cancer targets, and establish the
target network of chemical components, to provide the basis
for elucidating the molecular mechanism of Radix Codo-
nopsis antigastric cancer effect. +is study provided a sci-
entific basis for the treatment of gastric cancer with Radix
Codonopsis, and it was of practical significance to guide its
clinical medication.

2. Methods

2.1. Active Compounds and Targets of the Codonopsis pilosula.
We searched TCMSP (http://tcmspw.com/tcmsp.php) for
the keyword “dangshen.” Taking oral bioavailability (OB)
≥30% and drug-like property (DL) ≥0.18 as screening
conditions, we screened the active components of Codo-
nopsis pilosula. We collected the protein targets of the active
ingredients of Codonopsis pilosula with the help of Herb
database (http://herb.ac.cn/) and finally screened them
through Excel to remove the duplicate targets, thus
obtaining the final targets of the active compounds.

2.2. Targets of Codonopsis pilosula in Treating Gastric Cancer.
We used the keyword “gastric carcinoma” in GeneCards
Database (https://www.genecards.org/) to search for gastric
cancer-related targets. +en, using online Venny 2.1 Venn

diagram (http://www.bioinformatics.com.cn/static/others/
jvenn/example.html), we matched and mapped the active
component targets of Radix Codonopsis with disease-related
targets. +e intersection part was the key target of Radix
Codonopsis for the treatment of gastric cancer, and the
corresponding active component was the key component.

2.3. Functional Enrichment Analysis and Its Clustering
Network Construction. We used Metascape (https://
metascape.org/gp/index.html#/main/step1) to conduct func-
tional enrichment analysis on the target of Radix Codonopsis
for the treatment of gastric cancer. +e GO functional en-
richment analysis mainly included biological process (BP),
molecular function (MF), and cellular component (CC). +e
protein target was introduced into Metascape database, and
GO analysis andKEGGpathway analysis are carried out on the
action target ofCodonopsis pilosula. Termswith a p value<0.01,
a minimum count of 3, and an enrichment factor >1.5 (the
enrichment factor is the ratio between the observed counts and
the counts expected by chance) were collected and grouped
into clusters based on their membership similarities; each color
represents a group. p values were calculated based on the
accumulative hypergeometric distribution. Kappa scores were
used as the similarity metric when performing hierarchical
clustering on the enriched terms, and subtrees with a similarity
of >0.3 are considered a cluster.+e final result showed the top
20 clusters, and the most statistically significant term within a
cluster was chosen to represent the cluster.

2.4. Construction of Compound-Target Network and
Protein-Protein Interaction Network. In order to scientifi-
cally explain the therapeutic effect of Radix Codonopsis on
gastric cancer by network pharmacology, we constructed a
visual network to predict the relationship between com-
pounds and targets. We constructed the compound-target
network using Cytoscape 3.6.1 software. +e node in the
network represented the compound components and tar-
gets. If a compoundmight act on a potential target, they were
connected by an edge. In addition, we used the Metascape
(https://metascape.org/gp/index.html#/main/step1) to build
an interaction network between proteins, in which each
color represents a clustering module.

2.5. Construction of Network Modules and Screening of Core
Targets. +e molecular complex detection (MCODE) algo-
rithm has been applied to identify densely connected network
components. Pathway and process enrichment analysis has
been applied to eachMCODE component independently, and
the three best-scoring terms by p value have been retained as
the functional description of the corresponding components.
Finally, we chose a relatively important module from the
sevenmodules to construct the target-component network, so
as to find the key components and targets.

2.6. Survival Analysis of the Core Target Genes.
Kaplan–Meier plotter is a popular online site tool based on
the databases of EGA, TCGA, and GEO for evaluating gene
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effects on survival [17]. +e cancer species was set as “gastric
carcinoma,” and the key core target genes screened above
were analyzed for survival by K–M plotter. Finally, we
screened out genes that affected the overall survival of gastric
cancer.

2.7. Molecular Docking Analysis. We chose the MCODE2
network to construct the component-target network, found
the targets and components with relatively high degree, and
took them as docking objects. AutoDock Vina 1.1.2 software
is used for docking, and PyMOL 2.4.1 software is used for
visualization of docking results [18]. Finally, the results are
further verified by docking score.

3. Results

3.1. Screening of Related Targets of Codonopsis pilosula in the
Treatment of Gastric Cancer. In TCMSP database, we
searched 134 compounds in Codonopsis pilosula. In order to
screen the potential active compounds, we evaluated the
ADME properties of the compounds and screened out the
compounds with OB value ≥30% and DL ≥0.18. A total of 62
potential active compounds were screened out. +rough
searching the action targets of these active compounds from
the Herb database, 155 protein targets were collected. +en,
in order to search for disease genes, we searched for the
keyword “gastric cancer” in GeneCards database and found
10,479 gastric cancer-related targets. Finally, 140 common
targets are obtained by mapping the disease targets with the
component action targets (Figure 1), which we regard as the
related targets of Codonopsis pilosula in treating gastric
cancer.

3.2. Construction of Codonopsis pilosula Composition-Target
Network. After screening the common targets, we con-
structed a component-target network (Figure 1). In the
network, the green squares on the periphery represent 62
active components, among which the degree value of the
inner ring components is larger than that of the outer ring
components, and the components in each ring are arranged
clockwise according to the degree value. In order to show the
target number of components more intuitively, we use two
different-colored connecting lines to distinguish the action
relationship between inner and outer ring components and
target points. Circles in the network represent action targets,
among which pink targets are 140 gastric cancer-related
targets. From the network, we can see that compared with
the outer ring component, the inner ring component has a
higher degree of importance in the network. In addition, we
can also find that most of the targets of Codonopsis pilosula
are related to gastric cancer, suggesting that this medicine is
more targeted for the treatment of gastric cancer.

3.3. Functional EnrichmentAnalysis of�erapeutic Targets for
Gastric Cancer. We analyzed the GO functional enrichment
and KEGG pathway enrichment of the above 140 key targets
by using Metascape database (http://metascape.org/) (Fig-
ures 2 and 3). GO analysis includes biological processes (BP),
cellular components (CC), and molecular functions (MF),
which together describe the functions of gene products. We
will further cluster the obtained terms according to the
similarity of members and show the first 20 clusters. Each
cluster selects a term with the most statistical significance to
represent the cluster.

KEGG enrichment analysis mainly involves pathways in
cancer, AGE-RAGE signaling pathway in diabetic

10339
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15140
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2 (140)
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Figure 1: Screening of therapeutic targets and construction of its component network.
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complications, endocrine resistance, platinum drug resis-
tance, FOXO signaling pathway, viral carcinogenesis, JAK-
STAT signaling pathway, cGMP-PKG signaling pathway,
neuroactive ligand-receptor interaction, inflammatory
bowel disease (IBD), and so on. GO analysis of Codonopsis
pilosula in treating gastric cancer mainly involved cellular
response to organic cyclic compound, response to drug,
positive regulation of protein phosphorylation, response to
inorganic substance, response to steroid hormone,

circulatory system process, response to radiation, response
to oxygen levels, response to growth factor, aging, etc.

Enrichment analysis showed that 140 interaction targets
between drugs and diseases were concentrated in cancer
pathways, age-rage signaling pathways in diabetic compli-
cations, endocrine resistance, and other clusters. In addition,
we also built an interaction network among terms, in which
the cluster represented by “paths in cancer” is located in the
center of the network. It is suggested that Codonopsis

Pathways in cancer
AGE-RAGE signaling pathway in
diabetic complicatic
Endocrine resistance
Platinum drug resistance
foxo signaling pathway
Viral carcinogenesis
Jak-STAT signaling pathway
cGMP-PKG signaling pathway
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Inflammatory bowel disease (IBD)

Transcriptional misregulation in cancer
Dopaminergic synapse
Adherens junction
Serotonergic synapse
AMPK signaling pathway
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Alzheimer’s disease
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Figure 2: +e KEGG pathway enrichment analysis.
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pilosula may act on multiple targets through various signal
pathways in this cluster and play a role in the treatment of
gastric cancer. At the same time, it also provides reference
value for further searching for key core targets and
compounds.

3.4. Construction of Protein-Protein Interaction Network and
Its Module Extraction. In order to explore the relationship
between action targets, we constructed a protein-protein

interaction network and further carried out cluster analysis
through modular extraction (Figure 4). We obtained seven
types of modules from the target interaction network,
representing each cluster with different colors. +e size of
the target in the network represents the degree of the target
in the network, reflecting the number of targets interacting
with it. +e larger the target, the greater the weight of
network participation and the more important it is in the
network. It can be seen from the network that the targets in
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Figure 3: +e GO enrichment analysis.
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red MCODE1 and blue MCODE2 are relatively large, and
the two modules are relatively located in the center of the
PPI network, indicating that these two modules may play a
leading role in the network.

In order to understand the pathways in which each
module participated, we conducted enrichment analysis on
seven clusters again (Figure 5) and found that the pathway in
which the former two clusters participated involved the term
“pathways in cancer,” which occupied the largest weight in
the pathway analysis network of the previous 140 related
targets, indicating that compared with other modules, these
two modules might play a more critical role. By comparing
the other entries in the two modules (MCODE 1: Heptatitis
B; MCODE2: PI3K-Akt signaling pathway), we focused on

the modules that were more related to gastric cancer and
thus screened out MCODE2 as the core subnetwork.

3.5. PrognosticAnalysis ofGenes inModules and Identification
of Core Targets. We further used the K–M plotter to analyze
the prognosis information of the core targets of MCODE 2.
As shown in Figure 6, the results showed that VEGFA, IL10,
AR, PGR, ESR1, EGFR, MAPK1, IL4, MYC, RELA, ICAM1,
BAX, IL2, and AKT1 were correlated with the overall sur-
vival time of gastric cancer. Among these targets related to
the total survival time of gastric cancer, MYC, MAPK1, and
BAX have better prognosis, while other targets have poorer
prognosis. In this modular network, most genes have

MCODE 1
MCODE 2
MCODE 3
MCODE 4

MCODE 5
MCODE 6
MCODE 7

Figure 4: Protein-protein interaction network.
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Figure 5: Pathway enrichment analysis of MCODE2.
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Figure 6: Survival analysis of the core target genes.
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prognostic value, and the components acting on them may
affect the whole treatment network through these prognostic
targets. In addition, among the 14 prognosis-related targets,
11 have poor prognosis, and the components interacting
with these targets may play the role of small molecule in-
hibitors and thus play a therapeutic role.

3.6. Construction of Core Target-Component Network and
Molecular Docking Analysis. To determine the key com-
ponents, we further constructed the component network of
targets with poor prognosis (Figure 7). +e green squares on
the periphery of the network represent the components
interacting with 11 targets with poor prognosis. By sorting
them clockwise according to the magnitude of degree, we
can see that the top ranked components are C9, C32, C10,
C55, C60, C21, etc., and among the 11 targets, AR and ESR1
have significantly more related components.+erefore, next,
we further verify thematching score of the core components.
We selected the first two components C9-luteolin and C32-
cryptotanshinone with a higher degree to match AR and
ESR1, respectively. It is generally believed that the binding
energy is less than 0, and the compound and protein can
bind spontaneously. +e lower the binding energy is, the
greater the possibility of interaction is. It is generally be-
lieved that the docking score ≤−5.0 kJmol−1 indicates a good
binding activity. As shown in Figure 8, the core components
predicted in this study have strong binding ability with key
targets, which confirms the reliability of the prediction re-
sults of network pharmacology.

4. Discussion

In recent years, the systematic and complete construction of
network pharmacology platform has provided us with an
opportunity to explore the mechanism of Radix Codonopsis

O
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Figure 7: Key active compounds in Codonopsis pilosula.
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Figure 8: Results of molecular docking.
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in the treatment of gastric cancer. Network pharmacology is
applicable to the multicomponent, multitarget, and multi-
channel characteristics of Chinese medicine to analyze the
interaction network of drugs, genes, and diseases. In this
study, the main components, action targets, and signaling
pathways of Radix Codonopsis in the treatment of gastric
cancer were explored by using the network pharmacology
platform, which laid a scientific foundation for the clinical
application and further research of Radix Codonopsis in the
treatment of gastric cancer. We screened and obtained 62
compounds from Radix Codonopsis, and these compounds
acted on 155 targets. We obtained a total of 10,479 targets
related to gastric cancer. Finally, the obtained common
targets of the Radix Codonopsis action target and the gastric
cancer-related targets were a potential action target of Radix
Codonopsis for treating gastric cancer, and the compound
corresponding to the targets may be a component that plays
an important role in the treatment of gastric cancer by Radix
Codonopsis. We selected an important module from the
protein-protein interaction network for in-depth analysis,
and the potential action targets mainly included NCOA1,
VEGFA, IL10, CDK4, AR, CDK2, PGR, ESR1, NR3C1,
EGFR, RXRA, NFKB1, MAPK1, IL4, MYC, PTPN1, RELA,
ICAM1, BAX, IL2, AKT1, HSP90AA1, CDK2, AKT1, and
JUN. We analyzed the prognosis information of these tar-
gets, and the results showed that VEGFA, IL10, AR, PGR,
ESR1, EGFR, MAPK1, IL4, MYC, RELA, ICAM1, BAX, IL2,
and AKT1 correlated with the overall survival time of gastric
cancer. Among these targets related to the total survival time
of gastric cancer, MYC, MAPK1, and BAX have better
prognosis, while other targets have poor prognosis.

Frycz et al. studied the relationship between mRNA
expression of NCOA1, AR, ESR 2, and other genes and
clinical pathological characteristics of patients with gastric
cancer.+e results showed that the levels of AR andNCOA 1
in gastric cancer tissues were significantly reduced. +e
abnormal expression of AR and NCOA 1might be related to
the occurrence and development of gastric cancer [19].
Studies have shown that tumor angiogenesis plays an im-
portant role in the growth and metastasis of gastric cancer.
+ere are many factors that promote tumor angiogenesis,
and vascular endothelial growth factor (VEGF) is one of the
important factors that promote tumor angiogenesis. +e
results of the study by Ding S et al. showed significant
decreases in serum and plasma VEGFA levels in patients
with gastric cancer after surgical resection of the tumor,
suggesting that VEGFA may be produced by tumor secre-
tion [20]. IL-10 is a multidirectional cytokine that can
regulate tumor suppressor gene. +e methylation rate of a
CGI fragment of the IL-10 gene in tumor patients was
obviously lower than that in normal cells, and the meth-
ylation of IL-10 was related to gastric cancer [21]. +rough
screening, we have obtained that the key active components
of Radix Codonopsis in the treatment of gastric cancer are
C9-luteolin and C32-cryptotanshinone. Luteolin is one of
the common flavonoid compounds with anticarcinogenic
effects. +e study by Wu et al. has revealed that luteolin has
antiproliferation and chemotherapy sensitization effects on
human gastric cancer cells [22]. Liu et al. found that

cryptotanshinone can induce extracellular apoptosis and cell
cycle arrest through ROS-mediated MAPK and AKT sig-
naling pathways to achieve the effect of treating gastric
cancer [23]. Our results are consistent with those in the
previous studies and further verified by the molecular
docking findings.
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Traumatic bone defect is one of the major orthopedic diseases in clinics, and its incidence is increasing year by year. And repairing
traumatic bone defects is a very difficult problem in clinics at present. ,e surface of medical titanium-based alloy has good
biological properties, and its implant has a certain role in promoting bone in bone tissue. However, titanium-based materials are
biologically inert and have no biological activity. As a traditional Chinese medicine, Salvia miltiorrhiza has the efficacy of treating
bone diseases and promoting bone healing. ,e curative effect can be better exerted by loading the traditional Chinese medicine
active compound Salvia miltiorrhiza on the surface of the titanium implant in a certain way. At present, due to the complex
chemical composition of Salvia miltiorrhiza, the mechanism of its use for the treatment of traumatic bone defects is still unclear.
,erefore, in this study, we mainly discussed the potential target and mechanism of Salvia miltiorrhiza in the treatment of
traumatic bone defects through network pharmacology, which may provide a scientific basis for the treatment of traumatic bone
defects with Salvia miltiorrhiza loaded on the surface of medical titanium-based alloy. We screened out effective compounds and
targets of Salvia miltiorrhiza and targets related to traumatic bone defects with the help of relevant databases. ,e targets of Salvia
miltiorrhiza for traumatic bone defects were analyzed by STRING and GeneCards databases, and the results were visualized by
constructing a compound-target network, protein-protein interaction network, and compound-target-disease network with
Cytoscape 3.7.1 analysis software. Finally, the selected core targets carried out GO and KEGG enrichment.,e results showed that
60 main active components were screened from Salvia miltiorrhiza Bunge, which could act on 149 targets. ,ere were 33 active
components and 70 targets related to traumatic bone defects, respectively. ,e core targets of Salvia miltiorrhiza in the treatment
of traumatic bone defects were MAPK1, MAPK10, MAPK14, TGFB1, and TNF. ,e results of enrichment analysis showed that
Salvia miltiorrhiza might treat traumatic bone defects through an osteogenic differentiation pathway.

1. Introduction

Bone is an organ that maintains the normal posture and
movement of the human body and has the function of
protecting internal organs [1]. Traumatic bone defect is one
of the most common, most frequent, and serious diseases in
orthopedics and traumatology and even poses a certain
threat to patients’ lives in severe cases [2]. In recent years,
with the continuous development of transportation and
construction industry, as well as the deepening of the aging
of the population, the incidence of traumatic bone defects is
increasing, which has seriously affected the quality of life [3].
,e repair and treatment of traumatic bone defects is a very
difficult problem in clinical practice at present, and the

treatment of bone defects is mainly through surgery and
drug treatment. With the application of orthopedic implants
in tissue engineering and the emergence of drugs on the
surface of many implants, the combination of traditional
Chinese medicine for bone repair and modern biomaterials
for bone repair has become a promising treatment for bone
defects [4]. Bone defects must be filled and implanted with
appropriate substances to accelerate bone repair [5]. Au-
tograft is the preferred filler material due to its biocom-
patibility and bone induction potential, but its application is
limited by the limited number of autologous bones and the
surgical trauma it can cause at the donor site [6]. ,erefore,
at present, we mainly use synthetic bone materials instead of
autograft for filling, so as to realize the complete integration
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of nonliving implants and living bones [7]. Among them,
medical titanium-based alloy is a new generation of medical
metal materials developed after medical stainless steel and
medical Co-Cr-Mo alloy, which has more excellent bio-
compatibility and other properties and is more suitable as an
implant for the treatment of bone defects [8]. Drug treat-
ment is mainly the use of traditional Chinese medicine
internal and external application, the combination of
western medicine, etc. ,e external traditional Chinese
medicine can directly reach the focus and has stronger
targeting, which can improve the drug concentration in the
bone microenvironment [9]. At the same time, the tradi-
tional Chinese medicine can avoid liver first-off effect
generated after the oral administration of drugs and has the
advantages of no gastrointestinal tract stimulation, small
toxic and side effects, good patient compliance, and the like
so that the traditional Chinese medicine has better clinical
effect and more advantages in treating traumatic bone de-
fects [10].,e implant is a biologically inert material with no
biological activity and can exert its curative effect by loading
externally applied Chinese herbs with bone-promoting ef-
fects on the implant. Salvia miltiorrhiza is a traditional
Chinese medicine and has certain curative effects in treating
bone diseases and promoting bone healing. Salvia miltior-
rhiza loaded on the surface of the titanium implant in a
certain way can better exert the curative effect. However, the
components of Salvia miltiorrhiza Bunge are complex so
that the mechanism of Salvia miltiorrhiza in the treatment of
traumatic bone defects is still unclear, which hinders the
application and promotion of Salvia miltiorrhiza in the
treatment of bone defects to a certain extent. On the basis of
the biological network, Chinese medicine network phar-
macology analyzes the relationship of the compound, target,
and disease in the network by means of database retrieval,
high-throughput omics data analysis, and computer simu-
lation to reflect and describe the interaction [11]. In this
work, we explored the potential mechanism of Salvia mil-
tiorrhiza in the treatment of traumatic bone defects through
network pharmacology, which played a positive role in
promoting the clinical application of Salvia miltiorrhiza in
the treatment of bone defects and the development of related
drugs.

2. Methods

2.1. Screening of Effective Components and Targets of Salvia
miltiorrhiza. We used the Chinese Medicine System
Pharmacology Database (TCMSP) to screen. We entered
Salvia miltiorrhiza under the column “Herb name” to
perform search and set the screening conditions as oral
bioavailability OB ≥30%, and drug-likeness DL ≥0.18. And
we obtained the qualified active components of Salvia
miltiorrhiza [12]. Target proteins related to effective active
ingredients of Salvia miltiorrhiza were searched separately
under the column of “Related Targets.” With the help of the
UniProt database (https://www.uniprot.org/), we stan-
dardized the human gene name corresponding to the target
protein and finally obtained the target of Salvia
miltiorrhiza.

2.2. Screening of Related Targets for Traumatic Bone Defects
and Potential Core Targets for Treatment. We searched the
disease-related targets in the GeneCards database and
OMIM database with Traumatic bone defect and Traumatic
fracture as key words, respectively. ,en, we merged and
removed the duplicate targets to get the related targets of the
traumatic bone defect. ,e online Venny 2.1 Venn diagram
was used to intersect the disease-related targets and drug
targets. After that, we obtained the intersection targets of
Salvia miltiorrhiza and traumatic bone defect, which were
the potential therapeutic targets of Salvia miltiorrhiza in
treating traumatic bone defects.

2.3. Construction of the Compound-Target Network and
Protein-Protein Interaction Network. We constructed the
Chinese medicine regulatory network of “drug-active ingre-
dient-disease-target” using Cytoscape V3.8.2 software for vi-
sualization [13]. Finally, we obtained the most effective active
ingredients according to the degree analysis. In order to clarify
the role of target protein at the level of the biological network
system, we introduced the target of Salvia miltiorrhiza in
treating traumatic bone defects obtained in Section 2.2 into
STRING (https://string-db.org/cgi/input.pl) to construct the
protein-protein interaction network. ,e setting conditions
were as follows: we choseHomo sapiens for species, deleted the
free target, and set the minimum confidence level to 0.4. We
downloaded the corresponding TSV file and imported it into
Cytoscape to generate the PPI network and used CytoNCA
plugin to analyze the PPI network [14].

2.4. Enrichment Analysis. We used DAVID databases
(https://David.ncifcrf.gov/home.jsp) to perform GO (gene
ontology) functional enrichment analysis of core targets
[15]; GO functional analysis describes the function of genes,
which is divided into molecular biological function (MF),
biological process (BP), and cellular components (CC). ,e
KEGG database was used for pathway enrichment analysis
of core targets to comprehensively predict the regulatory
pathways of Salvia miltiorrhiza in the treatment of traumatic
bone defects [16].

3. Results

3.1. Composition and Target of Salvia miltiorrhiza and
Compound-Target Network. We used the Chinese Medicine
System Pharmacology Database (TCMSP) to search the
components of Salvia miltiorrhiza with setting the screening
conditions as oral bioavailability OB ≥30% and drug-likeness
DL ≥0.18. We obtained 65 kinds of active ingredients through
screening and then searched the corresponding target proteins
of these 65 components. Five of these 65 components have no
corresponding targets. Finally, we integrated targets and re-
moved the duplicate targets to get a total of 149 targets which
were the target points of Salvia miltiorrhiza. With Cytoscape
V3.8.2 software, we built a compound-target network for vi-
sualization. As shown in Figure 1, the square node in the
middle represents the target, and the darker the square node is,
the more compounds act on it. ,e round nodes represent the
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active components in Radix SalviaeMiltiorrhizae, and the lines
represent the interaction relationship between the active
components and the targets. In the network, the components
with more targets, which had darker color in the network
diagram, may play an important role in the pharmacological
function of Salvia miltiorrhiza.

3.2. �e Core Target of Salvia miltiorrhiza in the Treatment of
Traumatic Bone Defects. We searched the disease-related
targets in the GeneCards database and OMIM database with
Traumatic bone defect and Traumatic fracture as key words,
respectively, and obtained 1700 targets in the GeneCards
database and 608 targets in the OMIM database. We finally
obtained 1482 targets related to traumatic bone defects after
merging and removing the duplicate targets. As shown in
Figure 2, we used Venny 2.1 to intersect these 1482 disease-
related targets with the above 149 drug targets to get 70
common targets, which were potential therapeutic targets of
Salvia miltiorrhiza for traumatic bone defects.

3.3. Protein-Protein Interaction Network. We introduced the
above 70 common target genes into STRING and chose
Homo sapiens for species, deleted the free target, and set the
minimum confidence level to 0.4.,rough the information of
the database, we obtained the interaction relationship

between the protein and constructed PPI network, as shown
in Figure 3.,ere were 70 nodes and 895 lines in the network
graph, and the average nodal degree was 25.6. ,e nodes
represented target proteins, and each line represented the
interaction between target proteins. We processed the
downloaded TSV file with CytoNCA plugin and finally ob-
tained 14 core target proteins such as MAPK1, MAPK10,
MAPK14, TGFB1, TNF, JUN, ITGB3, CALCR, FOS, AKT1,
PPARG, IFNG, RELA, and NFNB1 (Figure 4). We associated
these 14 core targets with the active components of Salvia
miltiorrhiza and found that 33 active components of Salvia
miltiorrhiza involve these 14 targets. As shown in Figure 5,
rectangular nodes represented key target genes, circular nodes
represented active ingredients in Salvia miltiorrhiza, and lines
represented the interaction relationship between active in-
gredients and targets. ,e more lines corresponding to the
target meant that more active ingredients acted on the target.
,e more lines corresponding to the active ingredient rep-
resented that there were more targets for the action of this
active ingredient. ,erefore, the more active ingredients and
targets corresponding to the lines may be the key active
ingredients and targets of Salvia miltiorrhiza in the treatment
of traumatic bone defects. Among them, the more important
active components and targets were luteolin, α-amyrin,
cryptotanshinone, tanshinone IIA, PPARG, and MAPK14,
respectively.

Figure 1: Compound-target network.
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3.4. Enrichment Analysis. GO functional enrichment anal-
ysis consists of three parts: biological process, cellular
component, and molecular function. We performed GO

functional enrichment analysis on the common targets of the
targets of Salvia miltiorrhiza and disease-related targets, as
shown in Figure 6, with the vertical axis representing the

Figure 3: Network of interactions between proteins.

1412 70 79

Disease genes Component targets

Figure 2: Potential therapeutic targets of Salvia miltiorrhiza for traumatic bone defects.

Figure 4: ,e key core targets of Salvia miltiorrhiza in the treatment of traumatic bone defects.
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Figure 5: Active components corresponding to key core targets.
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Figure 6: GO functional enrichment analysis of 149 targets.
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name of the pathway and the horizontal axis representing
the proportion of enriched genes. ,e results showed that
biological processes involved in GO functional enrichment
analysis were concentrated in the positive regulation of
transcription from the RNA polymerase II promoter, re-
sponse to the drug, positive regulation of the nitric oxide
biosynthetic process, positive regulation of smooth muscle
cell proliferation, extrinsic apoptotic signaling pathway in
the absence of the ligand, positive regulation of transcrip-
tion, DNA-templated, etc. ,e process of cellular compo-
nents was mainly related to the extracellular space, cell
surface, receptor complex, membrane raft, perinuclear re-
gion of the cytoplasm, nucleus, extracellular region, cyto-
plasm, and so on. And the process of molecular functions
was mainly related to enzyme binding, identical protein
binding, protein homodimerization activity, protein bind-
ing, protein heterodimerization activity, cytokine activity,
steroid binding, transcription factor binding, heme binding,
etc. 149 common target genes were analyzed by KEGG
pathway enrichment analysis, and 111 pathways were

obtained. Set the bar chart showing the first 30 paths with the
smallest p value, as shown in Figure 7. And in Figure 7, the
abscissa represented the number of enrichment analyses,
and the ordinate represented the p value. ,e smaller the p

value, redder the color. ,e results of KEGG pathway en-
richment analysis were mainly involved in osteoclast dif-
ferentiation (hsa04380), apoptosis (hsa04210), PI3K-Akt
signaling pathway (hsa04151), T-cell receptor signaling
pathway (hsa04660), HIF-1 signaling pathway (hsa04066),
TNF signaling pathway (hsa04668), amyotrophic lateral
sclerosis (hsa05014), neurotrophin signaling pathway
(hsa04722), and so on. Among them, osteoclast differenti-
ation pathway (Figure 8) was closely related to the bone
repair.

4. Discussion

Every year, more than 2 million people in the world suffer
from bone defects with an economic burden of 3 billion
dollars, which seriously affects the quality of life of patients.
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T cell receptor signaling pathway

Tuberculosis
Pertussis

HTLV-I infection
Osteoclast differentiation

Apoptosis

Proteoglycans in cancer
Bladder cancer

Small cell lung cancer
PI3K-Akt signaling pathway
Prolactin signaling pathway

Salmonella infection

Prostate cancer
Non-alcoholic fatty liver disease (NAFLD)

Neurotrophin signaling pathway
Epstein-Barr virus infection

Malaria
Amyotrophic lateral sclerosis (ALS)

Endometrial cancer

Influenza A

Inflammatory bowel disease (IBD)

10 20 30 40
gene ratio

count

10

15

20

25

30

-log10 (pvalue)

16
14
12
10
8
6

Figure 7: ,e KEGG pathway enrichment analysis of 149 targets.
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Bone transplantation is one of the most commonly used
surgical operations. Autologous bone is the preferred filling
material, but the number of autologous bones is limited [17].
At present, with the application of orthopedic implants in
tissue engineering and the emergence of many drugs on the
surface of implants, the combination of traditional Chinese
medicine bone repair medicine and modern bone repair
biomaterials has become a promising treatment method for
bone defects. Salvia miltiorrhiza has the effect of repairing
bone defects, but its mechanism is unclear because of its
complex composition. ,is study preliminarily studied the
possible mechanism of Salvia miltiorrhiza in treating
traumatic bone defects by using the network pharmacology
method. ,e results showed that Salvia miltiorrhiza had the
characteristics of multicomponent and multitarget in
treating traumatic bone defects, and one component of
Salvia miltiorrhiza can act on multiple targets. According to
the analysis of Cytoscape degree values, the ones with the
highest component degree values were luteolin, α-amyrin,
cryptotanshinone, and tanshinone IIA, which may be the
key components of Salvia miltiorrhiza in the treatment of
traumatic bone defects. Bone repair depended on bone
resorption and bone formation. Excessive osteoclast for-
mation was not conducive to the repair of traumatic bone
defects and led to a series of orthopedic diseases such as
osteoporosis and rheumatoid arthritis. And our results were
consistent with previous studies. Kim found that luteolin,
which is a flavonoid compound, can inhibit the differenti-
ation of bone marrow nuclear cells and Raw264.7 cells into
osteoclasts and can reduce bone loss in osteoporosis by
reducing the differentiation and function of osteoclasts [18].
α-Amyrin is a pentacyclic triterpenoid. Related studies have

shown that α-amyrin can affect some pathways in skeletal
muscle cells. Giacoman-Mart́ınez et al. found that α-amyrin
can induce translocation of glucose transporter 4 (GLUT4)
mediated by activated protein kinase (Ampk) and peroxi-
some proliferator-activated receptors (PPAR δ/c) in C2C12
myoblasts [19]. Cryptotanshinone belongs to a quinone
compound. Studies showed that cryptotanshinone can al-
leviate osteoarthritis in mice. And its mechanism may be
that cryptotanshinone can inhibit the production of PGE2
and NO induced by IL-1β, inhibit the expression of
ADAMTS-5, COX-2, MMP-3, MMP-13, and iNOS, and
achieve it by inhibiting the activation of NF-κB and MAPK
pathway [20]. ,e study showed that tanshinone IIA can
inhibit the differentiation of osteoclasts and inhibit the
differentiation of osteoclast precursor cells by inhibiting the
expression of c-FOS and NFATC1 induced by the NF-κB
ligand receptor activator [21]. In this study, it was found that
the key targets of Salvia miltiorrhiza in the treatment of
traumatic bone defects were MAPK1, MAPK10, MAPK14,
TGFB1, TNF, JUN, ITGB3, CALCR, FOS, AKT1, PPARG,
IFNG, RELA, and NFNB1. FOS and JUN are members of the
AP-1 transcription factor complex and are regulators of
many cellular functions. JUN is associated with many in-
flammatory diseases [22]. FOS is a key regulator of bone cell
differentiation, which can induce NFATC1 expression and
inhibit osteoclast differentiation under the action of the
active ingredient tanshinone IIA [21]. AKT1 is one of the key
regulatory molecules of bone synthesis factor signaling and
is highly expressed in bone cells [23]. Naohiro Kawamura
et al. found that AKT1 can promote bone formation, and its
mechanism may be through IGF-I and insulin-mediated
osteoblast bone formation [24]. Tang et al. demonstrated

Figure 8: ,e diagram of the osteogenic differentiation pathway.
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that TGFB1 has the function of regulating bone resorption
and promoting bone formation. And regulating TGFB1 may
be an effective method for repairing bone defects. [25]. And
PPARG can also regulate bone resorption and bone for-
mation [26]. P38 mitogen-activated protein kinase (MAPK)
signaling pathway plays an important role in regulating bone
development and maintenance. MAPK14 belongs to the p38
mitogen-activated protein kinase family and is the most
abundant member in bone cells in the p38mitogen-activated
protein kinase family [27]. We also found that osteoclast
differentiation was an important signaling pathway through
GO biological functions and KEGG pathway enrichment
analysis, which corresponded to the abovemain components
and targets. ,erefore, the active components luteolin,
α-amyrin, cryptotanshinone, and tanshinone IIA in Radix
Salviae Miltiorrhizae may play an important role in the
treatment of traumatic bone defects, and its mechanismmay
be related to the regulation of MAPK1, MAPK10, MAPK14,
TGFB1, TNF, JUN, ITGB3, CALCR, FOS, AKT1, PPARG,
IFNG, RELA, and NFNB1 on the osteogenic differentiation
pathway, so as to achieve the therapeutic effect. In this work,
we preliminarily discussed the mechanism of Salvia mil-
tiorrhiza in treating traumatic bone defects through network
pharmacology, which laid a scientific foundation for the
clinical application of Salvia miltiorrhiza. Math tools are
very important in medical applications [28–31]. We think
the work benefits the field.

5. Conclusion

In this study, we analyzed the mechanism of Radix Salviae
Miltiorrhizae in the treatment of traumatic bone defects
based on network pharmacology. We found a total of 65
active components in Radix Salviae Miltiorrhizae. Fur-
thermore, through network analysis and screening, we
obtained 33 main active components and 70 action targets,
which were related to traumatic bone defects. ,e results
showed that its mechanism of treating traumatic bone de-
fects may be that luteolin, α-amyrin, cryptotanshinone, and
tanshinone IIA acted on MAPK1, MAPK10, MAPK14,
TGFB1, TNF, JUN, ITGB3, CALCR, FOS, AKT1, PPARG,
IFNG, RELA, and NFNB1 by the osteogenic differentiation
pathway.
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In this study, the matched case-control study was used. Nineteen cases of severe pain in the early postoperative period among 55
patients were set as the observation group, and 57 cases of simultaneous rotator cuff repair without severe pain were matched in a
1 : 3 ratio as the control group. Patients’ general information, disease characteristics, anesthesia and analgesia scheme, and
operation information were collected. Frequency statistics, Wilcoxon signed rank sum test, regulatory effect analysis, and Poisson
regression analysis were performed on these data. Some findings are included in the analysis. (1) )ere was a markable difference
of 0.01 between the preoperative 48 h maximum pain value and the postoperative 48 h maximum pain value in the observation
group. (2) )ere was a markable difference of 0.01 between the size and shape of the wound tear and the maximum pain value at
48 h after operation in the observation group. (3) When the number of opioid use affected the maximum pain value at 48 h after
operation, the regulatory variables (type, quantity, and number of days of postoperative analgesics) were at different levels, and the
impact amplitude had markable differences. (4) Age has a markable negative impact on the postoperative hospital stay. (5) )e
operation duration has a markable positive relationship with the postoperative hospital stay. (6) )e analgesic pump had a
markable positive impact on the postoperative hospital stay. (7) )e location of injury did not affect the postoperative
hospital stay.

1. Introduction

Rotator cuff suture reduces the postoperative adhesion of the
shoulder joint in wound treatment and can restore the
shoulder joint function of patients to the maximum degree
[1, 2]. Compared with the previous incision treatment, the
rotator cuff suture has the advantages of less trauma [3],
smaller incision, and more beautiful appearance after op-
eration [4, 5].

SPSS is very useful in data analysis [6]. )e pain problem
before and after surgery has been widely discussed by
scholars, and mathematical analysis is gradually used more

frequently [7–9]. Many studies have discussed rotator cuff
sutures with the method of mathematical analysis [10–12].
)ere are many other studies that have been conducted
prospectively in patients with rotator cuff sutures [13, 14].
Derwin and Sahoo [15] studied factors such as the number of
suture anchors used in rotator cuff repair and pain. Some
researchers have described the magnitude of pain after
rotator cuff suture [16]. Pain-related studies in rotator cuff
sutures also include predictions of surgical outcomes and
discussion of the size and shape of a patient’s wound [17, 18].

)e above observations indicate that the pain factors in
patients undergoing rotator cuff repair deserve further
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analysis. In this work, we analyzed preoperative and post-
operative pain in 55 patients to observe disease characteristics,
anesthesia and analgesia regimens, operative information,
and so on. SPSS software was used for frequency statistics,
Wilcoxon signed rank sum test, adjustment effect analysis,
and Poisson regression analysis.)is work can further discuss
the situation of pain factors in rotator cuff sutures.

2. Objective and Methods

)e statistic analysis of the frequency for 55 patients is given
in Table 1.

Table 1 provides the results of the frequency analysis for
55 patients. )e original information is shown in Supple-
mentary Materials. SPSS was used to analyze the results. As
can be seen from the above table, on the distribution of the
affected side in the observation group, most of the samples
were “right shoulder,” and the proportion was 76.92%. )e
proportion of “women” in the observation group was 53.85%
and that of the male sample was 46.15%. )e proportion of
“right shoulder” in the control group was 64.29%. )ere was
also left shoulder in 35.71% of samples. )e highest pro-
portion of females in the control group was 69.05%. 30.95%
of the samples were male.

3. Results and Discussion

)e paired sample Wilcoxon analysis results are given in
Table 2.

It can be seen from Table 2 that the Wilcoxon signed
rank-sum test is used to study the differences of experi-
mental data. Among the two paired datasets, one actually
presented a difference (p< 0.05). )e specific analysis shows
that there is a markable difference of 0.01 level between the
presurgery and postsurgery 48 h maximum pain values in
the observation group (p< 0.01), and the specific compar-
ison difference shows that the presurgery median value
(3.000) in the observation group is markablely lower than
the median value of postsurgery 48 h maximum pain value
(8.000). )erefore, the observation group data were true and
valid. Next, the observation group data were analyzed.

It can be seen from Table 3 that the Wilcoxon signed
rank-sum test is used to study the differences of experi-
mental data. )e paired data of the two groups showed
differences (p< 0.05).)e specific analysis showed that there
was a markable difference of 0.01 between the wound tear
size and the maximum pain 48 h after surgery in the ob-
servation group (p � 0.003< 0.01). By specific comparison,
the median tear size (1.500) was markablely lower than the
median maximum pain 48 h after surgery (8.000).

)ere was a markable difference at the 0.01 level between
wound tear shape and wound retraction (p � 0.009< 0.01),
and the median tear shape (2.000) was markablely higher
than the median retraction.

A total of 2 sets of paired data will all present differences.
As given in Table 4, some information of patients is

missing the variables to be investigated in this analysis, so
n� 13.)e regulatory effects were divided into three models,
with the independent variable (opioid use times) included in

model 1. Model 2 included regulatory variables (type,
quantity, and number of days of postoperative analgesics) on
the basis of model 1, and model 3 included interactive terms
(the product term of independent variables and regulatory
variables) on the basis of model 2.

Model 1 was used for studying the effect of independent
variable (opioid use times) on dependent variable (maxi-
mum pain 48 h after surgery) without considering the in-
terference of regulatory variables (type, quantity, and
number of days of postoperative analgesic). As given in the
above table, the independent variable (number of opioid use)
showed markable (t� 0.696, p � 0.501> 0.05). )is means
that, regardless of the effects of regulatory variables (type,
quantity, and number of days of postoperative analgesics),
the number of opioid use did not have a markable impact on
the maximum pain value at 48 h after surgery, which should
still be investigated for further regulatory effects.

)e adjustment effect can be viewed in two ways. )e
first way is to view the significance of F value change from
model 2 to model 3. )e second way is to check the sig-
nificance of the interaction items in model 3. )e regulation
effect is analyzed in the second way this time.

As given in the above table, the interaction between the
number of opioid use and the type, quantity, and number of
days of postoperative analgesics was statistically markable
(t� −2.874, p � 0.018< 0.05). It meant that when the
number of opioid use affected the maximum pain value at
48 h after operation, the magnitude of impact was mar-
kablely different when the regulatory variables (type,
quantity, and number of days of postoperative analgesic
drugs) were at different levels.

As given in Table 5, age, operation duration, analgesic
pump, and injury site in the observation group were
regarded as independent variables, while the postoperative
hospital stay was regarded as dependent variable for Poisson
regression analysis. Only 10 cases met the requirements
when the data of age, operation time, analgesic pump, and
injury site of the observation group were available. )ere-
fore, only these ten cases were analyzed. )e model pseudo-
R formula (McFadden R formula) was 0.487, which meant
that age, operation duration, analgesic pump, and injury site
could explain 48.7% of the change in the postoperative
hospital stay. It can be seen from the above table that the
model formula was log (u)� 5.979–0.122∗ age + 0.015∗ op-
eration duration + 1.513∗ analgesic pump −0.045∗ injury site
(where U represents the expected mean).

)e regression coefficient value of age was −0.122 and
showed a markable value at 0.01 level (Z� −5.394, p< 0.01),
which meant that age had a markable negative impact on the
postoperative hospital stay. An OR of 0.885 meant a 0.885-
fold change in postoperative hospital stay as age increased by
one unit.

)e regression coefficient value of the operation dura-
tion was 0.015, and the significance was shown at 0.05 level
(z� 2.260, p � 0.024< 0.05), indicating that the operation
duration had a markable positive impact on the postoper-
ative hospital stay. An OR of 1.015 indicated a 1.015-fold
increase in postoperative hospital stay with a unit increase in
procedure duration.
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)e regression coefficient value of the analgesic pump
was 1.513, and the significance was shown at 0.01 level
(z� 3.212, p< 0.01), which meant that the analgesic pump
had amarkable positive impact on the postoperative hospital
stay. An odds ratio (OR value) of 4.540, which means a
4.540-fold change in postoperative hospital days, occurred
when the analgesic pump was increased by one unit.

)e regression coefficient value for the injury site was
−0.045, but it was not markable (z� −0.195,
p � 0.845> 0.05), suggesting that the injury site did not
affect the postoperative hospital stay.

According to the summary and analysis, it can be seen
that the operation duration and analgesic pump have a
markable positive impact on the postoperative hospital

Table 1: Statistic analysis of the frequency for 55 patients.

Name Option Frequency Percentage (%)

Affected side of the observation group (n� 13) Right shoulder 10 76.92
Left shoulder 3 23.08

Gender (n� 13) Woman 7 53.85
Man 6 46.15

Affected side of the control group (n� 42) Right shoulder 27 64.29
Left shoulder 15 35.71

Gender (n� 42) Woman 29 69.05
Man 13 30.95

Add up to 100.0

Table 2: Paired sample Wilcoxon analysis results.

Name
Paired

(median) Difference
(pair 1-pair 2)

Statistical
value, z P

Pair 1 Pair 2
Maximum pain 48 h after preoperative pairing in the observation group 3.000 8.000 −5.000 3.208 ≤0.001∗∗
Patients in the control group were paired with the maximum pain value at 48 h after
operation 3.000 3.000 0.000 0.493 0.622

∗∗P< 0.01.

Table 3: Paired sample Wilcoxon analysis results.

Name
Paired (median) Difference

(pair 1-pair 2)
Statistical
value, z P

Pair 1 Pair 2
)e size of wound tear in the observation group was paired with the
maximum pain value at 48 h after operation 1.500 8.000 −6.500 2.944 0.003∗∗

Does the tear shape pair retract 2.000 0.000 2.000 2.598 0.00∗∗
∗∗P< 0.01.

Table 4: Adjustment effect analysis results (n� 13).

Model 1 Model 2 Model 3
Standard
error t P

Standard
error t P

Standard
error t P

Constant 0.184 41.298 ≤0.001∗∗ 0.191 39.78 ≤0.001∗∗ 0.147 51.686 ≤0.001∗∗
Number of opioid uses 0.103 0.696 0.501 0.107 0.714 0.492 0.092 −0.488 0.637
Type, quantity, and number of days of
postoperative analgesic 0.066 0.455 0.659 0.056 −0.665 0.523

Number of opioid use∗, type, quantity,
and number of days of postoperative
analgesics

0.028 −2.874 0.018∗

R2 0.042 0.062 0.511
Adjust r −0.045 −0.126 0.347
Variance ratio F (1, 11)� 0.485, p � 0.501 F (2, 10)� 0.328, p � 0.728 F (3, 9)� 3.130, p � 0.080
△R2 0.042 0.019 0.449
△F value F (1, 11)� 0.485, p � 0.501 F (1, 10)� 0.207, p � 0.659 F (1, 9)� 8.258, p � 0.018
Dependent variable: maximum pain 48 h after surgery in the observation group. ∗P< 0.05. ∗∗P< 0.01.
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stay, and age has a markable negative impact on the
postoperative hospital stay. However, the injury site did
not affect the postoperative hospital stay. )e scatter plot
of age, operation duration (analgesia pump was not good
for making trend chart, so it was excluded), and postop-
erative hospital days in the observation group is shown in
Figure 1.

4. Conclusions

Data analysis was performed on 55 patients. In the matched
case-control study, 19 cases with severe pain in the early
postoperative period were set as the observation group, and
57 cases without severe pain who underwent rotator cuff
repair at the same time were matched according to the ratio
of 1 : 3 as the control group. )e general data, disease
characteristics, anesthesia and analgesia scheme, and op-
eration information of the patients were collected. )e data
were subjected to frequency statistics, Wilcoxon signed
rank-sum test, adjustment effect analysis, and Poisson
regression analysis. Some findings were included in the
analysis. (1) )ere was a markable difference of 0.01 be-
tween the preoperative 48 h maximum pain value and the
postoperative 48 h maximum pain value in the observation
group. (2) )ere was a markable difference of 0.01 between

the size and shape of the wound tear and the maximum
pain value at 48 h after operation in the observation group.
(3) When the number of opioid use affected the maximum
pain value at 48 h after operation, the regulatory variables
(type, quantity, and number of days of postoperative an-
algesics) were at different levels, and the impact amplitude
had markable differences. (4) Age has a markable negative
impact on the postoperative hospital stay. (5))e operation
duration has a markable positive relationship with the
postoperative hospital stay. (6) )e analgesic pump had a
markable positive impact on the postoperative hospital
stay. (7) )e location of injury did not affect the postop-
erative hospital stay.

Data Availability

)e data used to support the findings of this study are in-
cluded within the article and the Supplementary Materials.

Ethical Approval

Ethical approval for this work was obtained from the
Ethical Review Committee of Hunan Provincial People’s
Hospital (the First Affiliated Hospital of Hunan Normal
University).

Table 5: Summary of Poisson regression analysis results (n� 10).

Item Coefficient of regression Standard error Z value P value OR value OR value, 95% CI
Observation group age −0.122 0.023 −5.394 ≤0.001∗∗ 0.885 0.846–0.925
Duration of surgery 0.015 0.006 2.260 0.024 1.015 1.002–1.028
Analgesic pump 1.513 0.471 3.212 ≤0.001∗∗ 4.540 1.804–11.428
Injury site −0.045 0.232 −0.195 0.845 0.956 0.606–1.507
Intercept 5.979 1.668 3.584 ≤0.001∗∗ 395.129 15.024–10391.750
Dependent variable: postoperative hospital stay in the observation group. McFadden R formula, 0.487.
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Background. At present, with the continuous development of nanotechnology, great changes have taken place in people’s lives in
medical treatment, production, daily leisure, and so on. Nanooptical technology is entirely based on nanotechnology that laser and
visible light are limited to submicron structures (nanopores, nanoslits, and nanoneedles). Due to the great development potential
of nanooptical technology in nanoscale sensors, TOF camera applications, THz imaging technology, and other imaging
equipment materials and applications, people have been interested in it, recently. Scope and Approach. In this review, the
importance of good practices for nanooptical technology used in equipment as both nanometer scale sensors and optical auxiliary
equipment is described. Based on recent reports, this work discussed the development of nanooptical technology in daily
photography and medical imaging from both the positive and the negative sides and compared the engineering techniques. Key
Findings and Conclusions. As a kind of new optical technology, nanooptical technology can produce the plasmonic effect under the
intense collision of atoms and electrons in nanostructures. It has significant effects in superresolution nanolithography, high-
density data storage, near-field optics, and other fields. Although the current nanooptic technology is not extremely mature, the
results obtained from current works are pointing out that nanooptical technology is the future of daily imaging and medical
imaging, and it also will play a positive role in the improvement of people’s health and ecological environment quality. As a trend,
nanooptical technology is developing in the direction of energy-saving, portability, high efficiency, and low pollution, and in the
upsurge of environmental protection in the world, nanooptical technology will surely achieve amazing development in the field of
daily photography and medical imaging. Under the huge market demand and innovation power, nanophotonics technology will
cover all emerging technologies that share the same research field with it and take advantage of each technology (terahertz, cell and
molecular microscopy, and nanoscale probes) to develop an unprecedented new century in nanoscience. (e future trends of
research contain finding new imaging equipment with nanostructure, designing nanooptical products, and improving
engineering techniques.

1. Introduction

With the development of industrialization, optics, an ancient
subject, has developed rapidly. In recent years, optics has
evolved into many branches, such as nanooptics, metasur-
face, terahertz, and so on. As a result, in information

transmission, more and more channels are needed, the
storage density is higher than before, and the processing
speed is faster. (erefore, the size of the unit device is re-
quired to be smaller, and in the final size to break through
the diffraction limit, the space distance of the device is also
smaller. With the increasing demand for information in the
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21st century, nanophotonics as a new optical technology has
unimaginable development potential in digital imaging and
digital storage.

Nanophotonics is the combination of nanotechnology
and photonics, which are two major technologies in the 21st
century. Its main advantage is that it can realize many new
functions on the basis of local electromagnetic interaction.
In nanophotonics, the traditional concepts of interference
and diffraction are no longer applicable, but replaced by
some new concepts. In the near-field condition, the size of
the unit device is tens of nanometers, and the corresponding
energy transmission time is tens of picoseconds. Compared
with the current electronic integration technology, these
parameters are undoubtedly a leap [1]. Since 1999, the in-
tegration technology of nanophotonic devices based on
surface plasmon and near-field optics has developed rapidly
[2]. Japan, the United States, France, Germany, and other
developed countries have invested huge human and financial
resources to study this frontier subject, in order to achieve
the “3T target” of the information age in the 21st century.
(e calculation speed reaches 1 Tbit/s and storage density up
to 1 Tbit/in2 [3]. (erefore, nanophoton firmware with high
computing power can control the computing power in the
millisecond level. In the millisecond level, medical equip-
ment and nanooptical special equipment used in life are
expected to be error-free, and nanooptical instruments at
this level may help operators to perform a series of complex
and difficult mechanical operations through remote oper-
ation of instruments [4].

Under this trend of nanophotonics development, it can
not only make the digital storage technology get better but
also can make the digital imaging become more precise.
Nanophotonics-assisted polymer materials realize five-di-
mensional optical storage including spatial domain, time
domain, polarization, and other dimensions, which is two-
dimensional more than blue light three-dimensional DVD.
It has the storage capacity of tb (1 tb� 1024 gb) or even Pb
(1 PB� 1024 tb), which is equivalent to the storage capacity
of 10000 DVDs. (is is also the first time in the world for
scientists to use the principle of two beam superresolution to
break through the optical diffraction limit in polymers and
realize the optical storage technology of 9 nm characteristic
size [5]. As a result of this, there will be a lot of demand of
nanophotonics in the future market and industry. Due to the
popularity of digital cameras and mobile phones, there is a
hugemarket demand for image sensing and imaging devices.
International leading enterprises, such as STMicroelec-
tronics and Panasonic, have invested a lot in the research of
complementary metal oxide semiconductor and other
COMS-related devices. Nanophotonics is expected to make
great breakthroughs in sensing imaging, sensing measure-
ment, display, and medical image. (e surface plasma
photonics used to enhance magnetic storage, nano-
photonics, and nanoimaging technology for diagnosis and
treatment and drug delivery will significantly improve the
efficiency of imaging and information transmission in the
field of professional photography and medical imaging [6].
For example, Purdue University recently developed a new
ultrasensitive medical imaging technology. It uses a near-

infrared laser to irradiate the skin to detect tiny gold
nanorods that are injected into the blood to make them
shine. In experiments with mice, the images produced by the
nanorods are about 60 times brighter than those produced
by conventional fluorescent dyes, including rhodanine,
which is widely used in the study of biological imaging in
cells and molecules. So, it is possible to develop nanorods
into an advanced medical imaging tool for early detection of
cancer. Nanophotonics technology can use photon statistics
and far-field microscopic spatial response to reconstruct the
high-resolution image; we can display nanoquantity, and
even the sensitivity is below the photon counting level [7]. In
this situation, nanophotonics can undertake the important
research and development of human society, such as elec-
tronic information storage and transmission, nanooptical
imaging, medical diagnosis, and so on. As a new technology,
it can bring great changes and new creation to human
science and technology in the next decade or a hundred
years. It has the strength to prove that nanophotonics can
subvert the development direction of the next generation of
human science and technology and will be able to provide a
variety of change ways for the development of science in-
dustry, cultural industry, medicine, and even cultural
inheritance.

(ere have been many research studies of nanooptics or
nanophotonics published in the recent years, with increasing
numbers of publication and citation. A few review studies of
nanophotonics, such as all-optical routing, surface plasmon
photonics for enhanced magnetic storage, nanoimaging, and
nanophotonics, are used in diagnosis, treatment, and drug
delivery to explore the development potential of nano-
photonics in the field of photography and medical imaging.
Here, we review the past research studies, discuss the topics
related to the development of science and technology to
change life, and observe from the positive (development of
science and technology, engineering techniques innovation)
to the negative (development difficulty and social or envi-
ronmental hazards). Compare the engineering methods/
techniques for the production of nanophotonics products,
discuss the last findings and conclusions in literature, and
propose the possible research directions for future works
relative to nanooptics. (is review study may benefit re-
searchers, manufacturers, and government and relative
agency officials to design their nanophotonics-based prod-
ucts with most up-to-date and necessary information readily
available here.

2. Functional Properties

Figure 1 shows the main applications of nanooptics in the
field of medical imaging and photographic imaging. Now-
adays, it is in daily life to unlock smart phones through face
recognition. However, the public rarely understand that it is
a time-consuming and energy-consuming process behind
this; first, the optical information of the face is collected by
sensors and sent to the neural network in the computer, and
the visual information is converted into electronic infor-
mation through electronic hardware, and then, the image
information is displayed. With the help of nanophotonics,
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these functional optoelectronic devices can become more
high speed, efficient, and energy-saving.(e firmware can be
applied to medical imaging, intelligent driving, art appre-
ciation, and satellite image processing. Compared with the
existing solutions, they occupy less space and consume less
energy and cost. (e upper limit of computing power of our
reasoning perceptron in visible and near-infrared bands
printed by nanooptical technology is 400 exaflops (1018 flops
per second for floating operation). Compared with dif-
fraction equipment and integrated photonic hardware in
millimeter wave, microwave, and other bands, the number of
operations per second increases by 3–5 orders of magnitude
[8]. Using superresolution 3D nanofabrication technology,
we can directly integrate AI optical devices into the existing
CMOS image sensor, which is equivalent to placing cus-
tomized smart glasses for specific tasks on the image sensor,
which can process the incoming optical information before
detecting it [9].

Furthermore, nanostructured optical filters can also be
widely used in photography and medical imaging. Periodic
refractive index or photonic crystal nanostructures can
adjust and control the transmission and reflection spectra. In
this case, the overlapping of multiple grooves with different
periods can theoretically control the light of each color.
Different from the traditional Bayer filter method, all colors
can be sorted by surface plasmon resonance, and even a
single nanostructured metal film can achieve fine color
selection. (e basic principle of the traditional Bayer pro-
cess, as a chemical stationary process for more than 100
years, is the process of obtaining alumina. First, bauxite is
dissolved out with NaOH solution under high temperature
and high pressure, so that alumina hydrate in bauxite reacts
rightwards according to the above formula to obtain sodium
aluminate solution, and impurities such as iron and silicon

enter red mud [10]. Adding varieties to the sodium alu-
minate solution after thoroughly separating red mud,
decomposing under the conditions of continuous stirring
and gradual cooling, make the above formula react to the left
to precipitate aluminum hydroxide and obtain a mother
liquor containing a large amount of sodium hydroxide [11].
(e mother liquor is evaporated and concentrated and then
returned for dissolving out a new batch of bauxite. (e
aluminum hydroxide is calcined and dehydrated to obtain
the product aluminum oxide. In this study, through the
improvement of nanooptical materials, the chemical process
in the past 100 years has undergone new changes, which can
make a breakthrough in the production process and auto-
mation equipment. As early as ten years ago, it has been
confirmed that the infrared receiver based on nanophotonics
can be fully compatible with CMOS technology in the
imaging process and can be used as a sensor, which is very
important in daily mobile phone camera and medical im-
aging [12].

In recent studies, terahertz imaging under the extension
of nanophotonics technology is more obvious for medical
imaging. Terahertz technology can be used not only for MRI
but also for skin cancer detection. Compared with X-ray,
terahertz wave has lower photon energy (1 THz� 4.1MeV),
which can avoid the side effects of X-ray medical imaging. In
addition, water molecules show strong absorption for ter-
ahertz wave. (e research shows that the terahertz wave
radiation from air plasma is quite different from that from
water. For example, longer laser pulse duration increases the
amount of THz radiation energy generated from water, but
the opposite is true for air plasma: shorter pulse will increase
THz radiation [13]. Moreover, when away from the normal
incident angle of optical excitation, the terahertz radiation
intensity from water depends on the polarization of laser
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Figure 1: (e main applications of nanooptics in the field of medical imaging and photographic imaging.
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beam, while the terahertz radiation from air plasma is po-
larization independent [14]. (erefore, terahertz spectros-
copy can be used in medicine to observe the difference
between the water content of tumor tissue and normal cells,
so as to judge the development of tumor, and also can be
used to identify normal tissue and inflammatory skin tissue.
(e terahertz spectrum of matter contains abundant in-
formation of molecular structure. Most of the lattice vi-
brations of matter and the transitions between the rotational
and vibrational energy levels of molecules correspond to the
terahertz band. (e position, intensity, and shape of the
transmission absorption spectrum of each matter are dif-
ferent in this band. (erefore, the terahertz spectrum can
reflect the subtle changes of molecular species and struc-
tures, making them have the same unique characteristics as
fingerprints, so the terahertz spectrum is also known as
molecular fingerprints. According to the molecular finger-
print characteristics of terahertz spectroscopy, we can an-
alyze and study the material composition, microstructure,
and their interaction relationship. According to the existing
research results, the transmission properties of terahertz
radiation to polar dielectrics, electrodeless dielectrics, and
metal conductors are very different. (ere is an equivalent
dipole moment in polar dielectrics and a large number of
free moving charges in metal conductors. When they in-
teract with terahertz waves, resonance absorption occurs, so
the penetration of terahertz waves to these two materials is
very low. However, electrodeless dielectrics have no reso-
nance absorption effect on the terahertz wave, so they have
strong penetrability. (us, terahertz imaging can distinguish
different materials. Many packaging materials, such as
plastics, cartons, cloth, wood, and so on, belong to elec-
trodeless dielectrics, but they are opaque to visible light.
(erefore, terahertz perspective imaging of opaque objects
can be combined with corresponding technologies, which
can be used as a supplement to X-ray and ultrasonic imaging
technologies to detect internal defects of materials and items
in sealed packaging [15].

(e human trial conducted by Woodward et al. [16] is
the first experiment for terahertz pulse scanning imaging of
the skin and other cancers performed.(e experiment shows
that the cancerous tissue contains more water than normal
tissue, and water molecules and other polar molecules will
absorb a lot of terahertz wave; normal tissue, cancerous
tissue, and inflammatory tissue can be easily distinguished in
terahertz wave imaging results, so that terahertz wave im-
aging of cancerous tissue can have great practical signifi-
cance. Terahertz wave imaging technology is used to
distinguish normal tissue from tumor tissue [17]. (e results
further prove that healthy tissue and tumor tissue have
different echo characteristics in terahertz reflection signal
and are basically consistent with the actual pathological
analysis results [18]. (ree-dimensional images of tooth
tissue were successfully constructed by using the terahertz
pulse imaging system, and it can measure enamel thickness
directly and accurately [19].

With the continuous maturity of terahertz imaging
technology, researchers have higher and higher require-
ments for the resolution of the imaging samples. (en, the

next step is to study the confocal imaging. (rough the
nanometer optical pinhole, the medical samples are precisely
collected, and the image information collection is controlled
in the accurate plane. It will not be interfered by signals from
other positions on the specimen. After removing the in-
fluence of background fluorescence and increasing the
signal-to-noise ratio, the contrast and resolution of the
confocal image are significantly improved compared with
the traditional field illumination fluorescence image. At
present, terahertz imaging research focuses on the nature of
tumor tissue, such as skin basal cell carcinoma, liver cancer,
cervical cancer, and other cancerous cells [20]. (e United
States, Australia, and China have made remarkable
achievements in those regards [21].

Metasurface as same as terahertz is an important part of
nanophotonics. First of all, the metasurface was first rec-
ognized by people in 2011, and in the latest experiments, it
shows that the supersurface can jointly control the multiple
degrees of freedom of the electromagnetic wave, so as to
control the phase, amplitude, polarization, and other degrees
of freedom of the electromagnetic wave at the same time. For
example, through the joint control of the phase and am-
plitude of the electromagnetic wave, the stereoscopic super
holography can be realized, and through the joint control of
the phase and polarization of the electromagnetic wave, the
vector vorticity can be realized.(e joint control of the phase
and frequency of the electromagnetic wave can realize the
function of nonlinear superlens. Based onmetasurface, some
researchers using Pancharatnam–Berry phase is by the rod-
shaped metal nanoantenna along the axis direction of
0–180°. Different angles of rotation achieve 0–2π phase
coverage of the system. In this design, the incident light is
circularly polarized light wave, and the experimental results
show that the rotation angle and abrupt phase have a linear
ratio of twice. According to this relationship, the unit
structure can be arranged and designed as a bipolar metalens
[22].

As a derivative function of nanooptics, superlens can use
the structure and operation mechanism of our human eyes
and the adaptability of superlens to upgrade the human
body. It is essentially a flat, electronically controlled artificial
eye. Due to the breakthrough of superlens and artificial
muscle technology, this kind of instrument can not only
complete real-time focusing but also is not as bulky as
traditional spherical lens. It can even do things that the
human eye cannot do. Moreover, the adaptive superlens has
established the ability of dynamic correction of astigmatism
and image motion, which cannot be achieved naturally by
human eyes. Because the superlens can focus light and
eliminate spherical aberration through the dense mode of
nanostructures, each structure is smaller than the wave-
length of light [23]. Due to the use of nanostructures, the
information density in each lens is very high. If you switch
from a 100 micron lens to a 1 cm lens, you will add 10000
pieces of information you need to describe the lens [24].
Every time we try to zoom in, the file size expands to GB or
even TB. From a certain level, adaptive superlens can replace
the heavy and miscellaneous lens and use the characteristics
of human eyes to assist human beings in a series of scientific

4 Journal of Chemistry



and artistic shooting activities (Alan She et al.2019). (is
technology makes it possible to combine semiconductor
manufacturing with lens manufacturing. Superlens can be
embedded into glasses, lens, mobile phone, VR, AR, and
other industrial products relying on semiconductor com-
ponents, which make the process of zoom and auto focus in
daily optical imaging and microoptics light become simpler.
Moreover, in medical imaging, hyperlens also has excellent
performance. (e lens made of high-purity hBN crystal can
distinguish the virus details on the surface of living cells. In
the process of preparation, the light loss is significantly
reduced, and the lifetime of polarized phonons is increased
by three times, which makes their propagation distance
increased by three times. (erefore, the inherent diffraction
limit can be broken by using hBN crystal. In principle, the
target image with the size of 30 nm can be captured. In
addition, the current use is very small hBN sheet, and the
future use of larger crystals is expected to obtain better
performance (Joshua Caldwell et al., 2017).

In the new study, scientists at the University of California
have developed a new, record breaking, ultra-metalens that
uses a series of small, interconnected waveguides, similar to
fishnets, to focus light at wavelengths ranging from visible to
infrared with record efficiency. So, the lens is called fishnet-
achromatic-metalens, and the research shows that this kind
of superlens is flat and compact and can be made small
enough to meet the needs of increasing miniaturization.(is
technological development will lead to revolutionary
progress in solar energy, virtual reality technology, medical
imaging, optical information processing, and other optical
dependent applications. At present, fishnet-achromatic-
metalens is the thinnest, most efficient, and widest flat lens in
the world [25]. At the same time, some researchers use
nanoforce to make the liquid crystal penetrate between these
microcolumns, so that the microcolumns can shape and
diffract light in a new way and “adjust” the focusing force to
achieve this. Here, liquid crystals are particularly useful
because they can be thermally, electrically, magnetically, or
optically manipulated, which is expected to bring about
“flexible” or “reconfigurable” lenses. By controlling the
liquid crystal, they make the new superlens develop in a new
direction of science and technology to produce reconfig-
urable structured light. (ey hope that liquid crystals can be
reproductively infiltrated into state-of-the-art superlens
(made of 150 million nanometer diameter glass columns)
and their ability to significantly change their focusing
characteristics, indicating that the exciting technology I am
looking forward to will emerge from reconfigurable planar
optics in the future [26]. Based on this technology, the lens
used in mobile phones, computers, and other electronic
devices can be smaller, and it has exceeded the ability of
traditional glass cutting and glass bending technology, so
these fine, thin, and flat lenses can replace the existing bulky
glass lens and further miniaturize the sensors and medical
imaging equipment [27].

According to the existing research reports, nano-
photonics can attract more and more attention in the
practical application range, especially in photography and
imaging, lens upgrading, nanomaterials, and medical

imaging system. Nanophotonics has a lot of intersection
with other disciplines, and the development of nano-
photonics will certainly drive the progress of related disci-
plines. For example, the new type of photographic
instrument, due to the strict alignment of light on the sensor,
its structure of all components, and assembly accuracy will
also reach the nanometer level, so the nanophotonics
method may be used [28]. It can be seen that nanooptics can
not only reduce the light to a small amount in the combi-
nation of optoelectronics and microelectronics but also be
absorbed and detected by a small detector, so as to achieve
the characteristics of low noise, high speed, low voltage, and
low power consumption. It is also possible to use lithography
or exposure to make integrated circuits and make very small
transistors and integrate light into very clear images, so as to
improve the image processing ability of the current camera
sensor. Nanooptical technology can also use the charac-
teristics of spectroscopy coupled with nanophotonics to
produce peak intensity, reduce the given amount of light
energy to a smaller volume, and study the high-sensitivity
spectrum by increasing the intensity of hot spots to assist the
current medical imaging technology. Or to fit in with the
microscope, use near-field optical scanning to achieve the
same goal of obtaining images with resolution much lower
than the wavelength [29]. (e target is also included in the
grating imaging surface with a very sharp tip or a very small
aperture [30], so as to obtain more clear and easy to identify
medical etiology or biological research in the image.

3. Adverse Effects

(e researchers not only doubted the effectiveness of
nanophotonic technology in the experimental process of
nanocontrol but also could not fully determine the potential
harm of nanophotonic technology. Some researchers have
shown that nanophotons may pose a risk leading to cancer in
patients in medical experiments studying nanoscale pho-
tons. As we know, nanoparticle is known to be very small,
thousands of times smaller than a cell. Nanomaterials have
special physical and chemical properties due to a small size
effect, quantum effect, and large specific surface area [31].
After entering the living body, the chemical properties and
biological activities generated by their interaction with the
living body are very different from the conventional sub-
stances with the same chemical composition. Nanomaterials
have special physical and chemical properties due to the
small size effect, quantum effect, and large specific surface
area [32]. After entering the living body, the chemical
characteristics and biological activities generated by their
interaction with the living body are very different from those
of the conventional substances with the same chemical
composition, which may cause serious damage to human
health and become the inducer of many major diseases [33].
(e Great Smog of London is a well-known example. After
the Great Smog, there were many sudden deaths in London.
(e scientists analyzed the results of the study and con-
cluded that the main cause was a large increase in fine
nanoparticles in the air [34]. Studies have shown that some
artificial nanoparticles in very small doses are also easy to
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cause inflammation in target organs, easy to cause brain
damage, easy to cause oxidative stress in the body, and easy
to enter cells and even the nucleus. Moreover, the cost of
nanooptical technology is very high.

Second, for inorganic mineral drug particles, the physical
and chemical properties of the drug will change greatly, the
probability of side reactions will increase, and the prepa-
ration process is complex, which requires reasonable ratio
and accurate calculation, and it will also involve social and
ethical issues. Not only have the dangers of nanotechnology
and materials have been discovered in medical science but
also the potential negative effects of nanooptics have been
discovered in imaging and electronics [5]. CNT as an im-
portant carbon nanotube, due to its good mechanical,
electrical, and chemical properties, can be used as superfiber,
stealth materials, high-power supercapacitors, and sensors,
known as the “star material” [35]. However, in practice and
application, the current toxicological studies of CNT have
shown that CNT inhalation and exposure can cause pul-
monary inflammation and fibrosis reactions in experimental
animals, and the tendency of local granuloma and stromal
tumor appears. However, what is more worrying is the
practical significance of CNT respiratory exposure in peo-
ple’s daily life. In addition to the atmospheric release of CNT
in the production workplace, CNT has been detected in air
samples from Paris, the United States, and other places
(especially the site of 9/11) [36]. A 2015 report showed CNT
was detected in lung lavage fluid samples from 64 children
with asthma in the Paris area.(e potential impact of carbon
nanotubes in the atmosphere on human health has become a
practical issue of widespread concern. However, until now,
CNT respiratory exposure has been mostly confined to
pulmonary or cardiovascular diseases, and studies on sys-
temic effects and long-term health effects have been lacking
[37]. At the University of Birmingham, the researchers
found four different graphene nanomaterials (GFNs) and
found that the cytotoxicity of the different modified group is
the main reason; through the cell vitality, membrane damage
and ROS found their toxicity levels are different, and finally,
nontarget metabolomics metabolite changes in nerve cells
after detecting material processing technology. It was found
that GFNs produced toxic effects mainly by disrupting the
glucose metabolism, lipid synthesis, and antioxidant path-
ways [38].

Similarly, in the derivative application of nanophotonic
technology, due to the characteristics of productivity and
materials, the processing of nanophotonic technology is
extremely difficult and the process is very complex. More-
over, the substantial increase of cost makes it impossible to
promote the nanophotonic technology in a large area in a
short time. In the current field of nanoscale lithography, the
progress from 28 nm to 22/20 nm, limited by the 193i li-
thography, necessitates the use of double pattern exposure
(DP). When it is further developed to 16/14 nm, FINFET
technology is mostly used. Now, the FINFET technology is
also upgraded generation by generation, plus the extension
of 193i optical technology, using SADP and SAQP, so in the
future to 10 nanometers or even 7 nanometers, basically the
same equipment can be used; it seems that there is no doubt,

but the manufacturing cost of the chip will increase rapidly
[39]. (at will be a hurdle; however, because if the EUV is
not ready, it will be forced to adopt a five-step graphic
exposure (FP) technology that has already caught the at-
tention of the global industry.

According to the current situation, there will be a certain
negative impact in the field of electronic photography and
medical imaging. From a series of studies, the nanophotonic
hypersurface lens is also faced with huge difficulties and
research bottlenecks. (e U-shaped metal nanometer an-
tenna, with its structural elements arranged into a parabolic
phase array shape, can suppress the background light of the
same polarization state of the incident light wave, retain only
cross-circularly polarized light during the exit, and achieve
beam bending and focusing when approaching the dif-
fraction limit [40]. However, to some extent, the structure
also inhibits cross-circularly polarized light, and its trans-
mission efficiency value is relatively small, only about 10%.
In a word, a common problem with bar, V-shaped, or
U-shaped metal antennas is that they are very inefficient (Li
Jensen, 2012).

In terahertz research, some researchers also believe that
the nanoscale optical research need to make further ad-
justments; they in the terahertz system on the accuracy of the
living skin imaging studies, experiments show that the
imaging process, over time, increase or decrease water
content on the surface of the skin surface to block increases
(5min before the biggest change).(is leads to an increase in
the refraction index of THz wave, which affects the accuracy
of THz wave imaging [41]. To do this, the researchers created
a model to eliminate unwanted effects. It is also proposed
that there are many uncertain factors in the process of
terahertz wave imaging of living skin, and we need to further
establish a model to improve the accuracy of imaging [42].
At present, nanooptics research related to photography,
imaging, and medical imaging technology cannot be large-
scale production and application. (e most of nano-
photonics technology is still in research and a small amount
in the production stage. Moreover, due to technical prob-
lems and other problems between theoretical research and
actual production, it is easy to cause deviation, and the
implementation also needs to invest high cost. (e devel-
opment of low-cost and large-scale manufacturing will also
require new technologies to avoid the current reliance on
expensive materials and other technologies.

However, science and technology are still constantly
updated and developed, and the cost of nanophotonic
technology has been reduced. For example, nanooptics has
made a very small TOF camera based on TOF technology. In
the field of medical imaging, this camera uses the TOF
sensor to obtain the dense three-dimensional model of the
patient’s chest and abdomen at a speed of more than 15
frames per second [43]. (en, different planes are fitted to
different regions of the patient’s torso through data-driven
algorithm, so as to carry out the three-dimensional model of
the chest and abdomen. (e results show that the TOF
camera modeling method can be used to track the patient’s
breathing movement with an accuracy of 0.1mm without
labeling, 3D, real-time [44]. In medical imaging, the
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application of the TOF camera for three-dimensional pos-
ture imaging is to provide image data with the TOF three-
dimensional image navigation on the endoscope. It shows a
visual page for doctors, which can effectively avoid un-
necessary harm to the human body caused by physical in-
teractive devices [45].

Nanophotonics has had an important impact on people’s
daily life, and there is a strong market demand for nano-
photonics devices products, so the results of its research can
be quickly converted into commercial products [46]. In the
near future, the current negative effects of nanophotonics
technology will be eliminated by the development of science
and technology. Its development is driven not only by
people’s strong interest in the micro/nanoscale or the
subwavelength scale of light properties change but also from
the huge market demand and strong investment from the
industry. “Optical technology has a limitless future not only
used in face recognition but also in artificial intelligence, VR/
AR and other fields.” About the use of 3D vision VCSEL and
HCG technology [47], for example, the latest HCG tech-
nology, which is only a very thin film on the surface, about 1/
1000 or 1/500 of the hair can be obtained by photolithog-
raphy [48], which can effectively reduce the loss of light
power, thus greatly reducing the cost [49]. Some research
results have proved that in the field of related medical
imaging, the research of nanooptics will not cause harm to
human health under controllable circumstances [50].
Nanoparticle exists as a single particle around the cell
membrane, endocytosis into the cell and distribution in the
cytoplasm as a small aggregation state, and quickly along the
microtubules to the nucleus and lysosome, and in the vi-
cinity of the nucleus and lysosome, it exists as a large ag-
gregation state. (e assimilation mechanism of gold
nanoparticles was observed by controlling the temperature
[51]. When the temperature decreased, the phagocytosis
decreased, indicating that the assimilation depended on
energy. Fluorescence and plasma imaging demonstrated that
the transport speed of gold nanoparticles depends on the size
of the particle cluster rather than on the type of organelle
(e.g., endosomes and lysosomes). (is study proposes an
effective nanometer diagnostic treatment method and
provides a guarantee for the effective health management of
nanobiologic medicine [52].

4. Novel Engineering Techniques

Figure 2 shows the current major technologies in nano-
photonics. Nanophotonic technology is currently used in
many areas closely related to people’s lives, such as daily
mobile phone cameras, medical imaging, and sensors. From
every tiny part, we can see a wide and deep world of
nanophotons [53]. Nowadays, the information society re-
quires more and more integration of integrated circuits,
which also urges people to explore ways to break through the
size limit of devices [54]. (us, nanophotonics came into
being. Using nanooptics, it will be possible to start with
individual molecules and build a substance that functions
exactly as a chip, storing data and acting as an electronic
channel switch [55]. In addition, new methods such as

biomolecular detection, photothermal therapy, photody-
namic therapy, and targeted drug delivery based on nano-
materials are gradually becoming important diagnostic and
treatmentmethods in the field of biomedicine. However, due
to the limitations of traditional nanomaterials or the defects
of the treatment methods, the current nanomedical tech-
nology has many problems, such as the low drug utilization
rate, large toxic and side effects, and low therapeutic effect
[56]. By combining nanotechnology with photonics, the
interaction between light and matter can be precisely con-
trolled on the nanometer scale, making biomedical diagnosis
and treatment more accurate and stable. Bioluminescence
imaging and multispectral fluorescence imaging were used
to visualize the whole process of drug delivery to tumor
therapy [57]. In addition, drug release and distribution,
vector location and degradation, and tumor were further
described based on real-time imaging localization and
tracking the interrelationship between growth or inhibition.
(e visualization of drug delivery systems provides a new
approach to the study of nanomedicine mechanisms [58].

In the medical field, the development of almost all key
technologies for the research of cutting-edge biomedical
problems depends more or less on the introduction of new
photonic technologies. With the help of nanophotonics
technology, many medical problems that were previously
unsolvable can now be solved [59]. Cell tracer technology,
modified somemarkers in the specific cell-cell tracer, can get
on two dimensions of space and time in real-time with
relevant information; these cells in the body, distribution of
survival, differentiation, migration, and outcome of dynamic
monitoring, and at the cellular level reveal many important
mechanism related to the origin of life [60]. As an important
technical tool, cell tracer technology has been widely used in
modern biomedical basic research and clinical applications
[61]. With the development of biomedical technology,
people gradually realize that the cells of the group with
average effect of the tracer study is likely to cover up a lot
closely related to the origin of life or disease of important
individual information, so the biomedical research is more
and more emphasis on the individual cells specificity in-
formation acquisition; it is also for cell tracer technology
development to put forward new requirements. In order to
achieve more accurate of biomedical research, the re-
searchers used nanoparticles and quantum dots connected
to small molecules such as protein or virus, real-time
monitoring of protein or virus inside cells that interact with
other substances, and study its impact on the host cell in the
process of life change, in which biomedical field provides a
more accurate means of detection [62]. In the research field
of the cancer mechanism, how to prevent metastatic cells
from invading other parts of the body has always been the
core problem to be solved. In the course of the study, the
researchers found that among seemingly identical cancer
cells, there may be specific individual cancer cells that act as
cancer seeds, resistant to chemotherapy and leading to
cancer recurrence years later [63]. Nanophotonics, com-
bined with medical imaging, could enable the seeds of these
cancers to be better tracked and assisted in cancer treatment
through gene editing. At present, gene editing technology is
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the most successful multicell-specific target labeling tech-
nology [64]. On the premise of not affecting cell function, the
use of gene editing techniques for each cell differentiation is
to modify the corresponding article “the code” DNA frag-
ments, it is like each item in the supermarket with a bar code
on the back, so it can go through the cell genetic screening
after the experiment, from nearly 4000 cells found in the
community of 10 targets labeled cells [65]. Nanooptical
technology has high spatial resolution and high temporal
resolution, and it plays an important role in tumor detection,
gene expression, protein molecular detection, drug
screening, and drug efficacy evaluation by nondestructive
real-time dynamicmonitoring of the activity and response of
labeled cells in living small animals [66].

In terms of modern imaging technology, nanophotonics
has also seen a huge innovation in engineering techniques.
As the most important nanoscale imaging technology at
present, STED technology plays an important role in the
field of technical testing and quality control of nano-
manufacture. Localisation microscopy can be used in a
controlled environment, for example, by combining pho-
tonic statistics and far-field microscopic spatial response to
reconstruct high-resolution images, which can show
nanoscale organisms in details below 50 nm, which with
sensitivity below the level of photon counting [67]. A
fluorescent probe based on arsenate was successfully syn-
thesized by our team at Shenzhen University. (e probe has
good bleaching resistance and can specifically bind to
o-dimercaptin-VDPs in mitochondrial membrane. (e
probe can be used for STED imaging of mitochondria of
living HeLa cells, and the distribution of VDPs in mito-
chondria can be observed well. Last year, a team developed a
new enhanced acrylic acid variant dye (MITOESQ-635),

which has low saturation intensity and high optical stability,
making it an ideal choice for long-term STED imaging of
living cells. By labeling the mitochondrial intima in living
HeLa cells, they achieved 50min of STED superresolution
imaging at 35.2 nm. Meanwhile, a team from Anhui Uni-
versity has developed a novel probe, TPSPYM, which can
specifically label both mitochondria and endoplasmic re-
ticulum in living cells and distinguish them by fluorescence
intensity [68]. (e probe has good photostability and is
suitable for STED living cell imaging. Using this probe, they
labeled STED images of living cells and not only observed
the superresolution structure of the ER-mitochondrial
contact site but also observed the three-dimensional dy-
namic process of the interaction between ER and mito-
chondria after starved cells [7].

Now, there is a new imaging technology, structured il-
lumination visible microtechnology (SIM). (is technique
usually requires only 9 original images to be captured, which
can significantly improve the temporal resolution of imaging
compared to Storm’s acquisition of tens of thousands of
original images, and is also much faster than STED based on
scanning imaging. Some scholars have introduced total
internal reflection fluorescence (TIRF) excitation into SIM
[69]. TIRF can only stimulate a small layer on the surface of
the sample, which can effectively eliminate the character-
istics of defocusing background signal. Simultaneously, a
high NA TIRF-SIM method was proposed in combination
with a high numerical aperture (NA� 1.7) objective lens to
achieve dynamic superresolution imaging of the plasma
membrane of living cells. (e resolution was about 84 nm at
a subsecond acquisition speed. (e dynamic relationship
between actin and myosin in mouse embryonic fibroblasts
was also observed. Furthermore, they proposed the PA

nanophotonics

optical diagnosis, therapy and
drug delivery 

nanoscale imaging chemical and biological
sensing at the molecular scale 

• 1.The combination of light and nanoparticles
could use thermal effects to diagnose or kill
cancerous cells.

• 2.Photoguided drug delivery.
• 3.Nano optical targeting technology.
• etc.

• 1.Stimulated Emission Loss
(Nanoscale Bio-imaging)

• 2.lo-calisationmicroscopy
• 3.Tip enhanced scanning

microscopy using low
frequency radiation in the
terahertz region. 

• 4.Single molecule imaging
of nanophoton antennas at
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• etc

• 1.Optical nanometer antenna.
• 2.High sensitivity surface plasmon

plasmon resonance.
• 3.Surface enhanced mid-infrared absorption

spectroscopy.
• 4.Surface Enhanced Raman Spectroscopy.
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Figure 2: Current major technologies in nanophotonics.
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NL-SIM method on this basis, which can obtain higher
resolution [70]. In the following studies, in order to solve the
problem that it is impossible to image many organelles
inside living cells, the researchers developed GI-SIM tech-
nology based on the glance incident structured light illu-
mination, which realized the superresolution imaging of
various organelle structures in living cells and the obser-
vation of the dynamic process of the interaction between
organelles [71]. Many new discoveries are possible only if the
imaging is fast enough and the resolution is high enough.
(e superresolution structure of cytoskeletal microtubules
in living COS-7 cells (resolution 97 nm) was obtained at 9.2
FPS, which was helpful to observe the dynamic changes of
cytoskeletal microtubules. (e superresolution structure of
the endoplasmic reticulum of living COS-7 cells was ob-
tained at 266 FPS [72]. It was not only observed that most of
the endoplasmic reticulum was composed of tubular ma-
trices but also that the formation and disappearance of the
contracted parts of the endoplasmic reticulum were ob-
served by the real-time imaging of the endoplasmic retic-
ulum tubules [73].

Terahertz, as one of the core technologies in nano-
photonics, has irreplaceable advantages in many fields be-
cause of its unique physical properties. It plays a great role in
medical imaging and other everyday imaging units. Ter-
ahertz waves are different from millimeter waves or X-rays,
which have unique imaging capabilities and application
scenarios [74]. Terahertz waves do not penetrate metals, but
have good penetration for many nonmetallic and nonpolar
materials. So, terahertz waves can be used to “see through”
objects such as clothes, shoes, bags, and suitcases to detect
potentially dangerous objects such as metal knives or guns.
And because of their low photon energy, terahertz waves do
not pose a health hazard to users [75]. In recent years, some
researchers have proposed to modulate probe beams to
determine the spatial distribution of terahertz radiation and
generate terahertz radiation transmission samples by means
of a optical rectifier [76]. (e probe light with a wavelength
of 800 nm is spatially encoded by a spatial light modulator
and then reflected by beam-splitting crystal to ZnTe crystal
and propagates colonially with the terahertz beam. (rough
a 1/4 wave plate and a Wollaston prism, it enters the bal-
anced photodiode for electrooptic sampling. (e experi-
mental data can be obtained by using this research method
[77]. Some other researchers proposed the method of
electrooptic sampling (EOS) to shoot real-time images with
the CCD camera, making it possible for real-time terahertz
imaging.(e laser source is a titanium gem laser with a pulse
time of less than 50 fs, and the terahertz radiation is pro-
duced by using GaAs wafer [78]. (e terahertz radiation was
focused on a Zn Te crystal with a thickness of 0.9mm, an
area of 6mm× 8mm, and a crystal orientation of <110>
using an off-axis parabolic mirror.(e diameter of the probe
beam is larger than that of the terahertz beam [79]. After
passing through the mutual perpendicular polarizer and
polarization analyzer, the two-dimensional electric field
distribution in the sensor crystal is converted into the two-
dimensional light intensity distribution and the optical
image is recorded by the CCD camera [80]. (is method can

provide effective data support for terahertz experiment of
nanometer optical imaging with clear and accurate sampling
images (Jiang Y, Deng B, Qin Y, et al., 2017).

Based on the development of these technologies, more
nanoscale insights have been put forward in optics, and
hence, the TOF camera [81]. (is new imaging technology
based on nanometer optics is to transmit continuous in-
frared light pulses of specific wavelengths to the target,
receive the light signal from the object under test through a
specific sensor, and calculate the time of flight or phase
difference of the light to and from the object under test to get
the 3D depth information of the object under test [82]. (e
brightness image and depth information of the TOF camera
can be connected through the model to achieve fast and
accurate face matching and detection [81]. In the aspect of
interactive entertainment, researchers proposed a method of
tracking and recognizing human body posture based on
depth image [83]. (e motion estimation algorithm adopted
the three-step search method to track human body motion
trajectory. Finally, the recognition of human body motion
posture was realized based on bone coordinates. In the
medical field, researchers use the TOF camera for three-
dimensional gesture imaging and successfully applied in
medical imaging [84]. (e data are captured by the TOF
camera on the endoscope to present a visual interface to the
medical personnel [85]. (is method reduced the damage
caused by the physical device to the patient’s organs, and the
recognition rate reached 94.3% [45]. In people’s daily life
scenes, the TOF camera has been able to assist people in a
series of motion capture, 3D modeling, and other tasks that
previously needed large equipment to complete the
microcamera of the mobile phone, home projection
equipment, and monitoring equipment in public places by
using nanooptical technology [86]. All of this complexity has
been made easier by the advent of the TOF camera [87]. In
summary, nanophotonics has demonstrated excellent the-
oretical basis and experimental results both in medical in-
dustry and in people’s daily imaging applications [88]. And it
to the modern related scientific research and technological
innovation has provided a broad stage. But due to volume
limit, this review focuses on the methods with higher
prevalence and more evidence and, therefore, does not
covers all existing techniques.

5. Future Trends

Figure 3 shows the future directions of nanooptics in
medical imaging and photographic imaging. In literature,
nanophotonics has showed the beneficial effects of medical
imaging and photography-related imaging technologies,
such as optical diagnosis, therapy, and drug delivery [89],
single molecule imaging of nanophotonic antenna in high
concentration [90], three-dimensional laser direct writing,
stimulated radiation lithography, nanoprinting, terahertz
imaging technology, and terahertz spectroscopy technology
[91], and a series of new optical technologies based on
nanophotonics, such as superlens. In this review, as different
from previous reviews, we have presented the up-to-date
research works on nanooptics, advance imaging, and
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nanophotonics [92]. We provide convincing evidence to
nanophotonics, metasurface, terahertz, surface-enhanced
Raman spectroscopy, STED, ToF camera, and other tech-
nologies available for medical imaging and daily imaging
[93]. Also, we illustrate the benefits of the field of human
health research and many technologies that can help human
daily life [94]. In conclusion, nanooptical technology can
bring advantages to the stability, accuracy, treatment
mechanism research, and the development of new diagnostic
and therapeutic methods of nanobiomedicine [95]. In the
future research work, multifunctional nanophotonics
technology (such as photogenetic technology, gene editing
technology, and cell tracking), as a new generation of bio-
medical fine research means, is of great significance to
biomedical basic and clinical application research [96].
According to those works, it can be seen that nanooptical
technology can help people’s life in many ways, promote the
development of human science and technology, and stim-
ulate the progress of scientific research in many fields.
However, there are still many difficulties and defects in the
medical field and photography [97]. First of all, the blockade
of related technologies leads to that researchers in various
countries and institutions cannot quickly obtain the research
platform they need, which leads to that researchers need to
spend a lot of time and energy to do unnecessary research on
basic science. Among them, nanotoxicology research report
will also make researchers pay more attention to the po-
tential harm of nanooptical technology to human body [98].
Second, nanooptics is an emerging discipline; just out of
infancy, there are still many unknown factors and challenges
waiting for researchers, which will lead to the cost of early

research and development is unpredictable. In the research
process, it is very likely that a variety of research technologies
will be developed at the same time, each with its own ad-
vantages and obvious disadvantages [99]. Because we cannot
distinguish which method is the best in a short time, the
research and practice of nanophotonics are still uncertain.
(ird, the current nanooptical technology is in its infancy,
and a large number of technology industry preparations are
not perfect. (erefore, in the process of commercialization
and marketization, the application of nanooptical technol-
ogy in medical imaging and photography needs to go
through a transitional period and experimental period to test
the adaptability of new technology to the market demand
and then correct and improve it [100, 101].

According to the possible side effects of nanooptic
technology, many countries have established relevant re-
search institutions and research organizations founded by
researchers. At the same time, many universities cooperate
with each other internationally to share resources, so as to
achieve the effect of mutual assistance and joint research and
development. (ese organizations and institutions are
committed to the development of nanooptics applications in
various fields in the future and can achieve maximum
returns and nanosafety management, such as the National
Nanotechnology Plan issued by the US government aims to
promote world-class nanotechnology R&D projects, pro-
mote the commercialization of new technological achieve-
ments, maintain and develop educational resources and
labor force, promote the establishment of nanotechnology
dynamic infrastructure, and support and be responsible for
the development of nanotechnology. Similarly, the
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Figure 3: Future directions of nanooptics in medical imaging and photographic imaging.
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University of Southampton and the University of Man-
chester in the UK have developed the latest nanolevel optical
microscope with the joint efforts of the national nano-
institution some time ago, and these British scientists think
that they can use the microscope to find smaller images of
objects in the future. Moreover, China’s nanoresearch in-
stitutions and many scholars at home and abroad maintain
close ties. For example, the Institute of Nanophotonics of
Jinan University maintains close ties with optical research
institutions in the UK, and the Nanooptical Measurement
Laboratory of Huazhong University of Science and Tech-
nology, the National Optoelectronic Research Center, Na-
tional Digital Manufacturing Equipment and Technology
Laboratory, and National Natural Science and Technology
Foundation always maintain close scientific research co-
operation. At the same time, scientific researchers also
maintain close scientific exchanges in the world. For ex-
ample, the International Conference on Nanophotonics and
Micro/Nanooptics 2020 (NANOP) held in Paris recently
attracted a large number of scholars at home and abroad to
exchange and discuss with each other. More than 2500
famous experts and scholars from all over the world in the
field of nanophotonics discussed the main development
directions of nanooptical technology in the future, such as
nanooptical imaging and the application of nanophotonics.
It can be seen that the development of nanometer optical
technology is promising in the future. In the future devel-
opment, there will be three directions. (e first is to
strengthen the cooperation between different universities,
research institutes, regions, and departments and to take
advantage of the convenience of the region and the priority
of science and technology to help the research and devel-
opment of nanooptics with the fastest progress. Besides, the
government will establish regional nanomachining centers
for free use or fabrication by surrounding researchers, so as
to enhance the market adaptability of nanomachining
technology, enhance its commercial nature, increase pro-
duction capacity, and promote the development of a range of
research technologies and, on the other hand, sharing of
testing equipment. Compared with other researches,
nanooptical prototype trial manufacturing and measuring
equipment are expensive, and equipment sharing among
different units can make full use of resources. In the process
of application, we should unify research methods and use
excellent research plans and tools to shorten research time
and reduce research costs. (e research on nanophotonics at
China and other counties is making continuous break-
throughs, and its research on suprasurface, terahertz, and
nanoscale optical materials has gradually revealed a broad
application prospect, which is bound to become one of the
key technologies of future medical and daily imaging sys-
tems [102]. However, there are also some shortcomings,
such as low efficiency, high processing cost, complex
manufacturing process, and unsatisfactory focusing effect,
which still need to be improved continuously. (erefore,
more and better nanooptical technology with better per-
formance and more suitable for the development of the time
need to be studied [5].

In future works, the following four directions may be
largely conducted, including the following. (1) In the field of
medical imaging, it supports innovative basic research in
nanophotonics to facilitate advances in quantitative nano-
imaging, systems nanobiology, medicine and neuroscience,
and biomarker technologies. (2) (e size of the equipment
should be improved, and the accuracy of the wavelength of
the emitted nanowave should be solved through techno-
logical innovation [103]. (3) (e problem of the cancer cells,
tumor cells, and other newborn cells cannot be marked by
the imaging system in the process of medical diagnosis and
treatment [104]. (4) How to break through the order of
magnitude in the running speed, bandwidth, efficiency,
energy consumption, and integration of nanometer optical
components, so that the research level and calculation rate of
nanometer optical technology can be improved. In fact, the
nanoscale size not only facilitates its integration with
existing technologies but also enables it to exhibit many
unique and excellent new physical properties. In the future
world of modern science, nanooptics will become even more
important [105].

In conclusion, governments, researchers, and the media
around the world are interested in nanooptical technology
and its application in medical imaging and photography
because of their many beneficial effects. Based on the evi-
dence reported so far, this review presents the importance of
nanooptics as a good practice for use in projects such as 3D
imaging and ranging for potential medical imaging and
everyday people’s lives [106]. (e main conclusions of this
review include the following [107]. As a strong technological,
economic, research, and development potential of the
multifunction emerging nanotechnology, nanophotonics
because of its small volume, the future cost control scope,
and imaging effect obvious features, a series of the treatment
and diagnosis diseases (including cancer cells, tumor cells,
and a series of difficult to mark cells) show as optical
technology in the field of medical benefits [108]. (e im-
portant function of nanooptics can facilitate its applications
in imaging for security protection, lithography, and lens
manufacturing. However, the toxicology of nanotechnology
and its potential harms and development costs remain
largely unknown [109].(ough completely with nanooptical
technology in production and life of controversy still exists,
the results obtained from the present study suggests that they
support the nanooptical technology as the next ten years or
twenty years development of the main optical research, and
there were some studies that have shown that in certain
cases, nanooptical technology, with no obvious potential
adverse impact on metabolic health. In particular, there are
adverse effects on technical operators [110]. Nowadays,
nanooptical technology has been applied to many fields of
research. In the field of medical imaging, medical researchers
and workers from all over the world have obtained a lot of
valuable data through continuous practice in clinical cases
[111]. Researchers use these data combined with nanoscale
materials to make the error smaller and smaller.(e stability
of the technology will become higher and higher in the
future. At the same time, it will become more mature and
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applied to the medical market to help many patients. All
about that, opportunities and challenges coexist, and it is
quite reasonable that a series of nanophotonics technologies
have great development potential in the field of medical
imaging and photography. Future research efforts may in-
volve research into nanooptical technologies and new dis-
coveries of their side effects, new designs for medical
imaging and photography including nanooptical technolo-
gies, and new engineering techniques for high quality
processing.
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Rhizoma Paridis, the rhizome of liliaceous plants Paris polyphylla, is one of the most commonly used herbal drugs in China.
Phytochemical and pharmacological studies have shown that steroid saponins were the major effective ingredients of Rhizoma
Paridis to exert antitumor, anti-inflammatory, hemostasis, and antifibrosis functions. In this review, we discussed the chemical
structures of steroid saponins and their related biological activity and mechanisms in cellular and animal models, aiming to
provide a reference for future comprehensive exploitation and development of saponins.

1. Introduction

Rhizoma Paridis, the dried rhizome of liliaceous plants Paris
polyphylla Smith var. yunnanensis (Franch.) Hand.-Mazz or
Paris polyphylla Smith var. chinensis (Franch.) Hara, is a
commonly used herbal drug in China, which has a long
clinical application history to treat multiple diseases including
malignant boils, carbuncles, snake and insect bites, and in-
juries [1]. It is also one of the core ingredients of Yunnan
Baiyao, a well-known haemostatics Chinese medicine. ,e
Rhizoma Paridis family comprised 24 species discovered in
the world, 22 of them was found in the Yunnan, Sichuan,
Guizhou, and Guangxi provinces of China [2].

As an essential component of complementary and al-
ternative therapies, medicinal plants have been accepted
worldwide to improve health and prevent or cure diseases
because of their rich sources and composition diversity. To
understand their function and underlying mechanism, it is
critical to analyze the major active substances within these
plants. Recent phytochemical and pharmacological studies
demonstrated that the extract of Rhizoma Paridis contains a
large number of chemically active components, including
steroid saponins, cholestanol, flavonoids, sterols, and tri-
terpenoids [3–6]. ,e steroid saponins were shown to be the
major effective ingredient exerting antitumor [7],

antibacterial [8], antivirus [9], anti-inflammatory [10], he-
mostasis [11], immune regulation [7], antiliver fibrosis [12],
and other biological functions. In particular, the antitumor
pharmacological activity of Rhizoma Paridis extracts has
emerged a major focus of research. Recent several years,
polyphylla saponins have been widely reported to inhibit
tumor growth in cancer of the breast [13], liver [14], lung
[15], ovary [16], and colon [17], as well as other types of
malignancy. All these findings bring lights to the discovery
of new drugs for cancer. In this review, we summarized the
chemical constituents and pharmacological functions of
Rhizoma Paridis extracts and discussed the chemical
structures of Paris saponins (PSs), their related biological
activity, and potential mechanism.

2. Chemical Structure of Paris Saponins
Derived from Rhizoma Paridis

Approximately hundreds of steroid saponins, a family of
glycosides with a chemical structure that contains either a
steroid or a triterpenoid attached via C-3 and an ether bond
to a sugar side chain, have been extracted from Rhizoma
Paridis, which are considered as the major bioactive in-
gredients of Paris species [18]. According to the configu-
ration of C-25 and the cyclized state of F ring in the
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spirostanane structure, steroid saponins are divided into
four types (Figure 1): (1) spirostanol, (2) isosprirostanol, (3)
furostanol, and (4) pseudospirostanol [3]. Among them,
isosprirostanol-type saponins are the main active substance
basis of this genus. Moreover, most of the aglycones are
diosgenin and pennogenin which generally have hydroxyl
substituents at 3β, 7β, and 17β sites and D-glucose,
L-rhamnose, and L-arabinose on the sugar groups. ,e
representative active ingredients of isosprirostanol saponins
include polyphylin I, polyphylin II, polyphylin V, polyphylin
VII, parisyunnanoside G-I, and pariposides A-D. Further-
more, phytochemical investigation shows that pennogenyl
saponins mainly exist in Rhizoma Paridis, whereas diosgenyl
saponins are rich in Rhizoma Dioscoreae nipponicae [19].
Furostanol-type saponins, with a β-glucopyranosyl moiety at
C-26 of the aglycone, are a class of F-ring cracking com-
pounds. It is generally considered that the furostanol-type
saponins are usually the precursor compounds of sprir-
ostanol-type saponins [19]. ,e aglycones of pseudospir-
ostanol-type saponins are all nautigenin, which can be
isolated from the stems and leaves of P. diyunnanensis and
are also the special components of the upper part of
P. diyunnanensis. ,ose nautigenin compounds commonly
have hydroxyl substituents at positions 3, 7, 17, and 26. ,e
representative active constituents of pseudospirostanol-type
saponins include chonglou SL-9∼ SL-15 and abutiloside L.

3. Pharmacological Activities of Paris Saponins

As described above, PSs extracted from Rhizoma Paridis
were capable of exerting antitumor [7], antibacterial [8],
antivirus [9], anti-inflammatory [10], hemostasis [11], im-
mune regulation [7], antiliver fibrosis [12], and other bio-
logical functions. ,e possible mechanisms are discussed as
follows.

3.1. Antitumor Activity. Accumulating studies have shown
various antitumor effects of PS in various tumor models.,e
underlying mechanisms were associated with inhibiting
proliferation, inducing apoptosis, antiangiogenesis, induc-
ing differentiation, blocking metastasis, and reversing
multidrug resistance of cancer.

A few studies have investigated the cytotoxicity influence
of PS in liver cancer. Pennogenin 3-O-Rha-(1⟶2)-[Glc-
(1⟶3)]-Glc (Compound 1), polyphyllin D, pb/formosanin
C, and polyphyllin VII isolated from Rhizoma Paridis were
found to exhibit dose-dependent antitumor effect in HepG2
cells which are involved in a number of signaling pathways
including the activation of the Fas and JNK pathways, de-
regulation of the MAPK pathway, and inhibition of the
PI3K/Akt/mTOR pathway. Furthermore, polyphyllin VII
was able to cause autophagic cell death and interfere with the
metabolism in HepG2 cells [20–22]. Pennogenin 3-O-Rha-
(1⟶2)-[Glc-(1⟶3)]-Glc (Compound 1) and polyphyllin
VII showed significant antitumor activity in HepG2, MCF-7,
and PC-3 cells by activation the mitochondrial apoptotic
cascades, inhibition of the CDK1 and PI3K/Akt pathways,
and modulation of MAPK pathway [23]. Polyphyllin D was

revealed to induce the expression of p21 and cyclin E1
leading to G2/M cell cycle arrest in HepG2 cells [21]. A
proteomic study demonstrated that PS was capable of
downregulation of dUTPase, hnRNP K, and GMP synthase,
whereas upregulation of DNase-c, nucleoside diphosphate
kinase A, and centrin-2 [24]. ,is study provided a deep
insight into the antitumor mechanism of polyphyllin D and
pb/formosanin C [24]. PS also inhibits the oxidation of fatty
acids pathway and the gluconeogenesis cascade, two core
metabolic pathways affecting energy metabolism, to block
the tumor growth in the H22 mouse hepatocarcinoma
model. Interestingly, the effects in the tumor mice appear to
be very different from those in normal mice. In a normal
animal group, polyphyllin D, pb/formosanin C, polyphyllin
V, polyphyllin VI, polyphyllin VII, Paris saponin H, and
gracillin significantly reduced the concentration of lipid and
glycerate, but increased glucose level. However, these three
compounds in H22 mice with hepatocarcinoma had op-
posite effects, i.e., increase in lipid and glycerate and decrease
in glucose level [25]. In addition, the mixed compounds of
polyphyllin D and pb/formosanin C exhibited more robust
and powerful antitumor effects than either of them alone in
HepG2 and Bel-7402 cells. ,e combinations significantly
strengthened cycle arrest at G1 phase and promoted mi-
tochondria-dependent apoptosis in hepatocarcinoma cell
[26].

Polyphyllin D, pb/formosanin C, polyphyllin VI, and
polyphyllin VII have potent proapoptotic effect on human
ovarian cancer. A recent study showed that pb/formosanin C
induced the expression levels of several proapoptotic pro-
teins, including Bax, cytosolic cytochrome c, activated-
caspase-3, and activated-caspase-9 in the SKOV3 cellular
model [27]. Moreover, formosanin C was shown to suppress
NF-κB signaling, resulting in inhibition of the expression of
VEGF and angiogenesis [27]. In addition, reduction of
ERK1/2 phosphorylation and Bcl-2 expression was observed
upon the treatment of SKOV3 cells with formosanin C
compound [28]. Polyphyllin VII treatment of ovarian cancer
cells (A2780 and SKOV3) was found to trigger the mito-
chondrial location of dynamin-related protein 1 (DRP1) and
inhibit the PP2A/AKT pathway, leading to mitochondrial
dysfunction [29]. It was also demonstrated that polyphyllin
D promoted apoptosis and hampered migration cells by
reducing caspase-9 and Wnt5a levels and elevating c-Jun
expression in vitro and in vivo [16]. In addition to cytotoxic
effects, pb/formosanin C markedly compromised angio-
genesis by reduction of VEGF and inhibition of VEGFR2
phosphorylation as well as inactivation of proangiogenic
kinases Src, FAK, and Akt in xenograft models established
with either SKOV3 or HOC7 cell line [30].

A number of studies have also examined the PS in lung
cancer models. In DEN-induced mouse lung cancer, poly-
phyllin D, pb/formosanin C, dioscin, polyphyllin V, poly-
phyllin VI, polyphyllin VII, Paris saponin H, and gracillin
displayed significant inhibitory effects on tumor develop-
ment and growth, and the possible mechanism was due to
reduction of the expression levels of TNF-α, IL-6, COX-2,
PGE2, CK8, and CK18 and inactivation of the EGFR/PI3K/
Akt, EGFR/Ras/Erk, and NF-κB pathways [15]. In the LA795
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cellular and xenograft model, polyphyllin D, pb/formosanin
C, dioscin, Paris saponin H, and polyphyllin VII were also
shown to have significant antitumor activity by inducing
apoptosis and blocking the migration [31]. Moreover, pb/
formosanin C was found to restrain the proliferation and
induce the apoptosis, autophagy, and paraptosis by activa-
tion of the JNK pathway in NCI–H460 and NCI–H520 lung
cancer cells [32]. In addition, pb/formosanin C was able to
inhibit cell migration, invasion, and metastases by repres-
sion of MMP-2 and MMP-9 enzyme activity as well as
MMP-1, -2, -3, -9, and -14 expression in LA795 cells and
T739 mice with lung adenocarcinoma [33]. Combination of
polyphyllin D with hyperthermia (43°C) potently induced
apoptosis and G2/M cell cycle arrest via decrease of Bcl-2
expression and increase of Bax level [34]. Notably, poly-
phyllin D was shown to reverse gefitinib-resistance in non-
small cell lung cancer by increasing Bax/Bcl-2 ratio and total
caspase-3 level both in vitro and in vivo [35].

PSs were also evaluated for their antitumor properties in
the cervical cancer model. A previous study showed that
polyphyllin VII significantly induced apoptosis in HeLa
cells, and the underlying mechanism involved in increasing
the expression of caspase-3, caspase-9, and Bax and de-
creasing Bcl-2 level [36].

Except for the abovementioned effects, a recent study
using UHPLC-qMS spectrum-effect analysis manifested that
polyphyllin VII, dioscin, polyphyllin I, and progenin III were
identified as the main antitumor chemical compositions in
HT29 and MDA-MB-231 cell lines [37]. In addition, pol-
yphyllin VI was shown to trigger S and G2/M cell cycle arrest
and extrinsic apoptosis by activation of the p38/p53 and the
caspase 3/8 pathways in tongue squamous carcinoma SCC-
15 cells [38]. Furthermore, polyphyllin D, Paris saponin H,
and polyphyllin VII also displayed notable antitumor and
antimetastasis activity in B16 melanoma cells [39].

Interestingly, Paris saponin H was demonstrated to
induce cell cycle arrest at G1 phase and accelerate cell ap-
optosis by blocking A1 adenosine receptor (ARA1) and
ARA3 expression and suppressing the Akt and MAPK
cascades in glioma U251 cells [40]. Polyphyllin D also

hampered vasculogenic mimicry (VM) formation, an in-
dication of cancer metastasis, through inhibition of the
PI3K-Akt-Twist1-VE-cadherin pathway in several HCC cell
lines including SMMC7721, PLC, HepG2, Hep3B, and Bel-
7402 [41].

According to the abovementioned compounds, the
antitumor activities of steroid saponins in vitro and in vivo
are summarized in Tables 1 and 2.

Recently, it has been widely used to study the interaction
between drugs and proteins by simulating the docking of small-
molecule drug ligands and protein receptor targets [42]. ,e
interaction between ligand and receptor is a process of mutual
recognition between molecules through hydrogen bond,
electrostatic interaction, and van der Waals force [43]. ,e
binding mode and affinity could be predicted by calculation. In
this case, molecular docking is often used as an essential ref-
erence for designing targeted drugs and screening effective
compounds [44]. Using bioinformatics analysis and molecular
docking in hepatitis B virus-related liver cancer, polyphyllin I
had been shown to have good affinity with various protein
targets, including STAT3, PTP1B, IL2, BCL2L1, FIS1, MFN1,
MFN2, and OPA1 [45, 46]. Computational docking also
manifested that polyphyllin I has a high affinity with the al-
losteric drug and metabolite site of AMPK, which induces
autophagy and inhibits NSCLC cell growth after activation.
,is finding was further supported by microscale thermo-
phoresis (MST) and drug affinity responsive targeting stability
(DARTS) assays [47].

3.2. Anti-Inflammatory. Polyphyllin D has been show to
inhibit LPS/IFN-c-stimulated inflammatory cytokine secre-
tion from peritoneal elucidated macrophages (PEMs) and
attenuate IKKα/β and p65 phosphorylation in vitro. Fur-
thermore, polyphyllin I alleviated the bone erosion and sy-
novitis and prevented M1-like macrophage and T-cell
infiltration from ankle joint in the collagen-induced arthritis
(CIA) mouse model [48]. Polyphyllin D has also been
demonstrated to suppress the inflammation by inhibition of
the activation of NF-κB pathway in acne. Accordingly, in-
flammatory cytokines, including interleukin (IL)-6, IL-8, and
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Figure 1: ,e major effective ingredients of Rhizoma Paridis and their biological activities.
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tumor necrosis factor (TNF)-α were decreased after Paris I
treatment [49]. In addition, polyphyllin G was shown to be
able to decrease the synthesis of NO and PGE2 and reduce the
expressions of cytokines (TNF-α, IL-1β, and IL-6) and en-
zymes (inducible NO synthase, cyclooxygenase-2, and matrix
metalloproteinase-9) at both protein and mRNA levels [10].

3.3. Antifibrosis. Liver fibrosis is a pathological change in
the structure and function of the liver, resulting from

excessive proliferation and abnormal deposition of ex-
tracellular matrix (ECM) components. Progression of
liver fibrosis may lead to cirrhosis or hepatocellular
carcinoma [50]. However, liver fibrosis is reversible and
PS had been reported as one of the effective therapeutic
agents. It has been demonstrated that polyphyllin G,
polyphyllin VI, pb/formosanin C, and polyphyllin D were
efficacious in improving CCl4-induced hepatic fibrosis
and cirrhosis in Sprague Dawley rat models. ,ese 4
compounds not only relieved the degeneration and

Table 1: Efficacy of Rhizoma Paridis-derived steroid saponins against cancer in vitro.

Compound Cell line and IC50 Targeting pathways Ref.

Polyphyllin D

HepG2 (4.01 uM, 24 h) Fas and JNK pathways; p53-Bax/Bcl-2 and p53-p21-cyclin E/
CDK2 pathways; NF-kB and MMP-9

[21]
Bel-7402 (4.74 uM, 24 h) [25,26]
PC-9 (2.69 μg/ml, 48 h) Bcl-2/Bax [34]

PC-9-ZD (2.51 μg/ml, 24 h; 2.07 μg/ml, 48 h;
1.53 μg/ml, 72 h) Bax/Bcl-2-caspase-3 [35]

Hela (2.62 μM, 24 h) Bcl-2/Bax-caspase-3/9 [36]

Pb/formosanin
C

HepG2 (13.62 ug/mL, 24 h; 3.29 ug/mL, 48 h) NMR metabolic pathways [22]

Bel-7402 (4.36 uM, 24 h) p53-Bax/Bcl-2 and p53-p21-cyclin E/CDK2 pathways; NF-kB
and MMP-9 [25,26]

SKOV3 (20.99 uM,24 h; 10.44 uM, 48 h;
8.83 uM, 72 h) NF-κB-VEGF and NF-κB-Bcl-2/Bcl-xL [27]

CaSki (5.7 μM), SiHa (3.7 μM), HEC-1A
(2.1 μM), and A549 (4.0 μM) Bax-caspase-3/9 and ERK/Bcl-2 [28]

HOC-7 (6.44 uM, 48 h) VEGF [30]
NCI–H460 (2.0 μM, 48 h) and NCI–H520

(1.6 μM, 48 h) JNK pathway [32]

Compound 1
HepG2 (2.35 uM, 48 h) Mitochondrial apoptotic, CDK1, PI3K/Akt, and MAPK

pathways
[23]

MCF-7 (2.59 uM, 48 h)
PC-3 (4.76 uM, 48 h)

Polyphyllin
VII

HepG2 (1.77 uM, 48 h), Mitochondrial apoptotic, CDK1, PI3K/Akt, and MAPK
pathways

[23]
MCF-7 (2.71 uM, 48 h),
PC-3 (4.67 uM, 48 h)

A2780 (3.0 μM, 24 h) and SKOV3 (3.0 μM,
24 h) PP2A/AKT/DRP1 signaling axis [29]

Polyphyllin VI SCC-15 (25.80 μM, 24 h; 21.22 μM, 48 h;
19.57 μM, 72 h) p38/p53 and caspase 3/8 pathways [38]

Paris saponin
H U251 (100 μg/ml, 48 h) ARA1/ARA3 and Akt/MAPK [40]

Table 2: Summary of the anticancer activities of steroid saponins in vivo.

Animal models Drug dose Effects Ref.

HepG2 xenografts in
nude mice

Intraperitoneal injection with 1 or 3mg/kg
compound 1 and polyphyllin VII for 3

weeks

Compound 1 and polyphyllin VII significantly and dose-
dependently inhibited the growth of HepG2 xenografts
through regulation of MAPK and PI3K/Akt pathways

[20]

SKOV3 xenografts in
nude mice

Intraperitoneal injection with 1, 2, and
3mg/kg polyphyllin VII for 3 weeks

Polyphyllin VII markedly restrained tumor growth
meanwhile increased the ratio of BAX/BCL-2 and cleaved

caspase-3 expression
[29]

SKOV3 or HOC-7
xenografts in nude
mice

Intraperitoneal injection with 1, 2, and
3mg/kg pb/formosanin C for 4 weeks

Formosanin C remarkably compromised angiogenesis by
reduction of VEGF and inhibition of VEGFR2

phosphorylation as well as inactivation of proangiogenic
kinases Src, FAK, and Akt

[30]

PC-9-ZD xenografts in
nude mice

2, 4, and 8mg/kg polyphyllin D by gavage
administration for 2 weeks

Polyphyllin D treatment robustly decreased 18F-FDG-uptake
compared with the control group [35]

PLC xenografts in nude
mice

Intragastrical administration with 10mg/kg
polyphyllin D for 25 days

Polyphyllin D hampered vasculogenic mimicry (VM)
formation, an indication of cancer metastasis, through
inhibition of the PI3K-Akt-Twist1-VE-cadherin pathway

[41]
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necrosis of liver tissue but also reduced the degree of
fibroplastic proliferation via the suppression of VEGF,
ERK1/2, RASAL1, PDGF, and α-SMA [12,51,52]. Fur-
thermore, polyphyllin G was also shown to induce the
apoptosis of hypertrophic scar fibroblasts through the
modulation of the ERK/JNK pathway [53]. Collectively,
these results indicate that PS is a class of potential anti-
fibrosis agents, which deserve future serious investigation.

3.4. Hemostasis. As described above, Rhizoma Paridis is a
key ingredient of two Chinese hemostasis medicines,
“Yunnan Baiyao” and “Gongxuening” [1]. ,us, it has
been widely used as a hemostatic medicine in China. A
recent study demonstrated that Paris saponin H signifi-
cantly enhanced thrombin activity, thereby shortening the
bleeding time in the mouse tail snipping model, sug-
gesting that Paris saponins could interact with thrombin
[54]. Polyphyllin VII was found to act directly on platelets
and hemostasis and cause 62% platelet aggregation at
300 ug/ml concentration [11]. Another study showed that
polyphyllin VII, polyphyllin II, dioscin, and polyphyllin I
all could serve as favorable hemostatic agents [37]. ,ese
results indicate that PSs are promising candidates for
development of hemostatic drugs.

3.5. Other Effects. Polyphyllin G has been shown to be a
potential stimulator of interferon gene (STING) agonist,
which initiates macrophages activation and accelerates cy-
totoxic T lymphocytes infiltration in tumor microenviron-
ment. In the meantime, polyphyllin G treatment robustly
increased the expression of PD-L1 on macrophages, sug-
gesting that the combination polyphyllin G with anti-PD1/
PD-L1 immunotherapy is beneficial for the cancer treatment
[55]. In addition, predominant antibacterial activity against
propionibacterium acnes was found in several PSs including
chonglouoside SL-2, chonglouoside SL-3, chonglouoside SL-
6, trillin, polyphyllin V, diosgenin 3-O-Rha-(1⟶4)-Glc,
dioscin, pennogenin 3-O-Rha-(1⟶4)-Rha-(1⟶4)-Glc,
polyphyllin VII, and methylprotodioscin [8].

4. Conclusions and Prospect

Active ingredients extracted from medicinal plants and
metabolic products are the primary resources for developing
medical drugs. ,e compounds isolated from Rhizoma
Paridis have significant pharmacological activities, among
which steroid saponins are the major active material com-
ponents. Saponins have antitumor, antifibrosis, anti-in-
flammatory, hemostasis, and other properties. In particular,
polyphyllin D, pb/formosanin C, polyphyllin VI, and pol-
yphyllin VII displayed considerable antitumor activity in
both in vitro and in vivo cancer models. ,e possible
mechanisms include inducing cell apoptosis, hampering
angiogenesis, inhibiting cell invasion and metastasis, regu-
lating the tumor microenvironment, and reversing tumor
drug resistance. Several signaling pathways were modulated
by these compounds, including PI3K/Akt, Ras/Erk, mTOR,
PP2A, and NF-κB cascades. Hepatic fibrosis and cirrhosis
have been one of the most serious diseases to cure.

Polyphyllin D, pb/formosanin C, polyphyllin VI, and pol-
yphyllin VII exhibited dramatic antifibrosis activities against
liver fibrosis and cirrhosis.

In summary, the saponins have great potential for an-
ticancer and antifibrosis drug discovery. ,e chemical
constituents and biological activities of isolated sterol sa-
ponins need to be further studied.

Abbreviations

PSs: Paris saponins
Fas: Factor-related apoptosis
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mTOR: Mammalian target of rapamycin
CDK1: Cyclin-dependent kinase 1
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VEGFR2: Vascular endothelial growth factor receptor 2
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FAK: Focal adhesion kinase
TNF-α: Tumor necrosis factor alpha
IL-6: Interleukin-6
COX-2: Cyclooxygenase-2
PGE2: Prostaglandin E2
CK8: Cytokeratin 8
CK18: Cytokeratin 18
MMP-2: Matrix metallopeptidase 2
MMP-9: Matrix metallopeptidase 9
ARA1: A1 adenosine receptor
ARA3: A3 adenosine receptor
VM: Vasculogenic mimicry
LPS: Lipopolysaccharides
IFN-c: Interferon c

PEMs: Peritoneal elucidated macrophages
IKKα/β: Inhibitor of nuclear factor kappa-B kinase α/β
CIA: Collagen-induced arthritis
NO: Nitric oxide
PGE2: Prostaglandin E2
ECM: Extracellular matrix
RASAL1: Ras GTPase-activating-like protein 1
PDGF: Platelet-derived growth factor
α-SMA: α-Smooth muscle actin
STING: Stimulator of interferon gene
PD-L1: Programmed death ligand 1
PD-1: Programmed cell death protein-1.
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