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report and systematic review
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SUMMARY

Keywords

1. Introduction

Kampo medicine, comprising various conventional crude drug products, poses challenges
in identifying adverse event causality. We present a case of severe liver injury following the
administration of Saibokuto and attempted to identify the likely causative crude drug inducing liver
injury through a systematic literature review. A 29-year-old woman developed severe liver injury
approximately two months after Saibokuto administration, necessitating steroid pulse therapy for
recovery. The literature search was conducted on February 15, 2023 in Japan. Using PubMed and
the "Igaku Chuo Zasshi (ICHUSHI) database," two individuals independently selected studies
published between January 1997 and February 15, 2023. The search focused on studies involving
human subjects, published in either English or Japanese, and specifically investigated Kampo
medicines categorized as over-the-counter or prescription drugs suspected as causative agents of
drug-induced liver injury (DILI). Studies on health supplements, discontinued Kampo medicines,
and autoimmune hepatitis, were excluded. As it is ethically impossible to rechallenge drugs that
cause liver injury, this review primarily relied on case report literature. Through the review, 37
cases (men/women: 12/25, including present case) were analyzed, including 32 reports (36 cases)
from 3,055 studies that met the inclusion criteria. Notably, 65.9% of cases were associated with
Scutellariae radix, with onset occurring within 45 (1-730) days and recovery within 35 (7-184)
days. Our case study and literature review underscore a prevalent association between liver injury
and Kampo medicines containing Scutellariae radix. Vigilant liver function monitoring, particularly
within the first 2 months of administration, is recommended, especially for formulations containing
Scutellariae radix.

Kampo medicine, drug-induced liver injury, scutellariae radix, Saibokuto

the U.S. and other countries (3,6). In Japan, the use of
Kampo medicines has evolved beyond the traditional

Recently, there has been a growing demand for
complementary and alternative medicine (CAM)
in the field of life sciences (/). CAM is extensively
investigated as an approach to address various concerns
related to cancer, such as pain, sleep disorders, fatigue,
and relaxation, with practices such as yoga and
meditation being widely utilized (2,3). Additionally,
CAM therapies such as acupuncture and Ayurveda
therapy have garnered significant attention for
managing migraine headaches (4).

Among these alternative therapies, Kampo medicine
holds a long history of use, particularly in Asian
countries. In recent years, pharmaceutical companies
have been marketing Kampo medicines as medicinal
products, contributing to their growing utilization in

"constitution-based" approaches to include evidence-
based practices, integrating them into medical settings
akin to Western medicine. Recent evidence indicated the
widespread employment of Kampo medicine, including
the use of "Yokukansan" for managing behavioral and
psychological symptoms of dementia (BPSD) (7),
"Daikenchuto" for post-abdominal surgery ileus (&), and
"Kakkonto" for Coronavirus disease 2019 (COVID-19)
(9). In 2021, out of 9.18 trillion yen in pharmaceutical
production in Japan, approximately 208 billion yen
was attributed to Kampo medicines and other related
products. Since 2017, the overall production of Kampo
medicines and related products, including those for
general use, has increased by 21.7%, reflecting the
recognition of their utility (/0,11).

www.ddtjournal.com
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As the scope of indications for Kampo medicine
continues to expand, patients from diverse backgrounds
are receiving treatment. Consequently, adverse events
not previously associated with Kampo medicine,
such as interstitial lung disease (/2), mesenteric
phlebosclerosis (13), congestive heart failure (/4), and
drug-induced liver injury (DILI) (/5-17), have been
reported. This underscores the importance of updating
safety information for Kampo medicines from a
pharmacovigilance perspective.

In our recent experience, we encountered a patient
who developed severe liver injury following the
administration of Kampo medicine. In this manuscript,
we present a case and provide a systematic review of
information related to Kampo medicine-induced liver
injury, aiming to comprehensively report our findings.

2. Materials and Methods
2.1. Ethics approval

The study was exempt from approval by the Institutional
Review Board of Showa University, but written informed
consent was obtained from patients for publication of this
report in accordance with the journal's patient consent
policy.

2.2. Literature survey

The literature search was conducted on February
15, 2023, at 6:00 PM in Japan. Two individuals
independently selected relevant studies. The search
focused on studies involving human subjects (adults
or older), published in either English or Japanese, and
specifically investigated Kampo medicines categorized
as over-the-counter or prescription drugs suspected as the
causative agents of DILI. The selected studies provided
the patient information, admission examination findings,
and treatment details related to drug-induced liver
injuries. Kampo medicines are formulations that contain
two or more crude drugs. Studies related to homeopathy,
health supplements, herbal mixtures containing non-
natural-derived components as primary ingredients,
illegal drugs, recreational drugs, discontinued Kampo
medicines, topical Kampo medicines, concomitant viral
hepatitis, and autoimmune hepatitis were excluded.
In addition, to limit liver injury caused by Kampo
medicines, drugs that cause liver injury — anti-allergic
agents, gout suppressants, hypoglycemic agents,
anti-bacterial agents, anticonvulsants, antineoplastic
agents, non-steroidal anti-inflammatory drugs,
hydroxymethylglutaryl-CoA reductase inhibitors
and acetaminophen, and liver injury associated with
COVID-19 — were excluded.

Using PubMed and the "Igaku Chuo Zasshi
(ICHUSHI) database," we conducted a literature search
for studies published between January 1997 and February

15, 2023. The search terms for formula in PubMed
were as follows: (((traditional chinese herb medicine)
OR (traditional Chinese medicine) OR (Kampo) OR
("Medicine, East Asian Traditional"[Mesh])) AND
((Drug-induced liver injury)) OR ("Chemical and Drug
Induced Liver Injury"[Mesh])) AND ((humans[Filter])
AND (1997/1/1:2022/12/31[pdat]) AND (English[Filter]
OR Japanese[Filter]) AND (all adult[Filter]))NOT (" Anti-
Allergic Agents"[Mesh]) NOT ("Gout Suppressants"
[Pharmacological Action])NOT ("Hypoglycemic
Agents"[Mesh]) NOT ("Anti-Bacterial Agents"[Mesh])
NOT ("Anticonvulsants"[Mesh]) NOT ("Antineoplastic
Agents"[Mesh]) NOT ("Anti-Inflammatory Agents,
Non-Steroidal"[Mesh]) NOT ("Hydroxymethylglutaryl-
CoA Reductase Inhibitors"[Mesh]) NOT
("Acetaminophen"[Mesh]) NOT ("Antirheumatic
Agents"[Mesh]) NOT ("COVID-19"[Mesh]). The search
terms for formula in ICYUSHI database were as follows;
Medical Database "ICYUSHI": ((((Liver diseases/
TH or Hepatic disorder/AL)) and ((Kampo medicine/
TH or Kampo medicine/AL))) and (DT=1997:2022
and LA=Japanese, English and PT=Original article,
Excluding conference proceedings and (CK=Humans)
and (CK=Adult (19-44), Middle-aged (45-64), Elderly
(65 and over)))).

2.3. Analysis of cases collected through literature survey

We conducted a systematic review and analyzed the
timeline of liver injury manifestations in the cases that
we encountered, classifying them into three types:
hepatocellular injury, cholestatic, and mixed type (/8).
The time to onset and the time to recovery of liver injury
were divided into intervals of 1, 2, 3, 4, and 5 months.

Furthermore, we compiled a list of the Kampo
medicines taken by the patients under investigation
and categorized them according to their constituent
components. We visually analyzed the relationship
between the severity of liver injury using total bilirubin
(T-bil), alanine aminotransferase (ALT), and alkaline
phosphatase (ALP) values, and the components of
Kampo medicine. To identify the potential components
responsible for DILI, we calculated the proportion of
cases with T-bil and ALT at grade 4, and ALP at grade 2
or higher, as assessed by Common Terminology Criteria
for Adverse Events version 5.0 (CTCAE ver. 5.0).

3. Results
3.1. Case presentation

In September 2021, a 29-year-old woman was diagnosed
with gastroesophageal reflux disease (GERD) and
initiated treatment with vonoprazan. In July 2022, she
sought care at a local clinic due to persistent pharyngeal
discomfort and fullness, prompting the addition
of Saibokuto to her medication regimen alongside

www.ddtjournal.com
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vonoprazan. By September 2022, she experienced
sudden fatigue and difficulty walking, leading to a
visit to the emergency department, where the cause
remained unidentified. Subsequently, Rikkunshito was
incorporated into her treatment regimen. The next day,
feeling generally unwell, she revisited her local clinic,
and further sulpiride was added to her medication
regimen.

In October 2022, while still adhering to vonoprazan,
Saibokuto, Rikkunshito, and sulpiride, the patient
developed jaundice and brownish urine. Concerned
about potential liver injury, she consulted her primary
care physician, who immediately admitted her to the
hospital on October 5th. Upon admission (day 1), her
blood test results showed elevated levels of ALP at 103
U/L, aspartate aminotransferase (AST) at 1,476 U/L,
ALT at 1,263 U/L, T-bil at 11.6 mg/dL, direct bilirubin
(D-bil) at 6.8 mg/dL, and a prolonged prothrombin time
(PT) at 73%. These results indicated grade 4 severity for
ALT, AST, T-bil, and D-bil, according to CTCAE ver.
5.0. DILI was suspected to be the cause of severe hepatic
dysfunction, prompting discontinuation of vonoprazan,
Saibokuto, Rikkunshito, and sulpiride. Despite extensive
examinations, including abdominal ultrasonography and
computed tomography, the specific cause of liver injury
remained unidentified.

On day 7, her blood test results showed improvements
in ALP (84 U/L), AST (1,075 U/L), ALT (1,021 U/L),
T-bil (17 mg/dL), and D-bil (12.6 mg/dL), with PT at
68%. On day 8, the patient was transferred to Showa
University Hospital. Upon admission, she presented
with generalized jaundice, yellowing of the skin, and
yellowing of the eyes. Her blood test results at Showa
University Hospital showed ALP at 91 U/L, AST at
969 U/L, ALT at 1,007 U/L, T-bil at 19.1 mg/dL, D-bil
at 14.4 mg/dL, and PT at 60%. Based on the Roussel-
Uclaf Causality Assessment Method (RUCAM) (/9)
scoring of diagnostic criteria for DILI (/8), she received
a score of 9 points, raising suspicion of DILI of the
hepatocellular injury type. In addition, a drug-induced
lymphocyte stimulation test (DLST) and liver biopsy
were performed using the suspected drugs vonoprazan,
Saibokuto, Rikkunshito, and sulpiride. On day 9, she
received a steroid pulse (methylprednisolone injection
1,000 mg/body) for 3 days, and on day 13, her laboratory
findings showed improvements with AST at 56 U/L,
ALT at 218 U/L, T-bil at 3.9 mg/dL, and D-bil at 1.6 mg/
dL. On day 15, the DLST results indicated a stimulation
index of 9.4 for Saibokuto, leading to a diagnosis of DILI
due to Saibokuto. On day 18, her condition improved
further with AST at 55 U/L, ALT at 125 U/L, T-bil at 3.3
mg/dL, and D-bil at 0.7 mg/dL, and she was discharged.
At her first outpatient visit on day 23 after discharge, her
blood test results showed AST at 40 U/L, ALT at 67 U/
L, T-bil at 2.6 mg/dL, D-bil at 0.5 mg/dL, and overall
improvement of jaundice (Figure 1).

3.2. Systematic review results and background of study
patients

A total of 3,055 articles were extracted, including
2,663 articles from PubMed, and 390 articles from the
"ICYUSHI database", and 2 articles from a manual
search. Among them, 12 articles were excluded due to
duplication between PubMed and "ICYUSHI database",
2,809 articles were excluded based on their titles, and
an additional 173 articles were excluded based on
their abstracts (Figure 2). The remaining articles were
evaluated by two reviewers for publication year, patient
characteristics (age, sex, and medical history), number
of days until liver injury manifestation, severity of
liver injury, suspected Kampo medicines, sources of
Kampo medicines, and number of days until recovery.
Following this assessment, 32 case reports/case series
studies and our presented cases involving 37 patients
including present case were selected for the final
analysis (Table 1).

The limitation of this systematic review is that re-
administration of the drug causing liver injury may
lead to anaphylaxis, and prospective clinical trials are
difficult to conduct; thus, the results of the literature
review focused on case reports.

3.3. Types of liver injury and days to liver injury
manifestation in study patients

The median age of the patients (12 men and 25
women) was 53 years (range: 29-78 years). Their
medical history included hypertension, diabetes,
and cholecystolithiasis. The median number of days
until liver injury manifestation for all patients was 45
(range: 1-730), and the median time to recovery was
35 days (range: 7—184) (Table 1). Among the patients,
18 had hepatocellular injury-type liver injury, 8 had
cholestatic injury, and 11 had mixed injury. Patients
who developed liver injury within one month after
initiation of suspected Kampo medicines had the
highest frequency, accounting for 37.8% of the total
cases. For the hepatocellular injury type, the majority of
patients developed liver injury within 1 month, whereas
for the cholestatic type, 100% developed liver injury
within 3 months. There were no significant differences
in the time period from Kampo medicine intake to
liver injury manifestation in the mixed type (Figure 3).
Most patients recovered within 2 months of treatment
after discontinuing Kampo medicine, accounting for
83.8% of all patients. The percentages of patients who
recovered after more than 2 months were 2.7, 5.4, and
8.1% for the hepatocellular injury, cholestatic, and
mixed types, respectively (Figure 3).

3.4. Liver injury severity and characteristics of
constituent components in Kampo medicines

www.ddtjournal.com
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Figure 1. Clinical course of the present case. Description of the liver function laboratory values and medication history of a 29-year-old woman
after hospital admission.
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Figure 2. Systematic review of PRISMA flow diagram. Flowchart showing the literature survey on Kampo medicine-induced liver injury from
PubMed and ICYUSHI databases.
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Figure 3. Time to onset and recovery by type of drug-induced liver injury. Time to onset and time to recovery from drug-induced liver injury

are shown for cases from the literature survey.

Regarding the suspected Kampo medicines responsible
for liver injury in the study patients, Bofutsushosan
was reported in 7 cases, whereas Saikokeishikankyoto,
Shosaikoto, and Hangeshashinto were each reported
in 3 cases. Among these, 28 cases involved Kampo
medicines categorized as prescription drugs, and nine
cases involved Kampo medicines categorized as over-
the-counter drugs. In this systematic review, 41 drugs
were suspected in 37 cases investigated. A heatmap
was created for each patient to illustrate the constituent
components of the suspected Kampo medicines related
to liver injury. According to the heatmap for T-bil grade
4 level, Glycyrrhizae radix (24.3%) was most frequently
found in suspected Kampo medicines, followed by
Scutellariae radix (18.9%) and Zingiberis rhizoma
(18.9%) (Figure 4). Similarly, for ALP grade 2 level,
the order was Glycyrrhizae radix (43.2%), Scutellariae
radix (40.5%), and Zingiberis rhizoma (29.7%) (Figure
4), whereas for ALT grade 4, Scutellariae radix (56.8%)
was the most frequently found in suspected Kampo
medicines, followed by Glycyrrhizae radix (51.6%),
Zingiberis rhizoma (35.1%), and Angelicae radix
(35.1%) (Figure 4). Glycyrrhizae radix and Scutellariae
radix are commonly found in suspected Kampo
medicines associated with liver injury based on T-bil,
ALT, and ALP levels.

4. Discussion

In this study, we present cases of severe liver injury
associated with Kampo medicine, a traditional medicine
widely used in Japan. Additionally, we conducted a
systematic review to compile data on Kampo medicine-
induced liver injury, focusing on the differences in the
types of liver injury and the time of manifestation.

The patients that we encountered had a history of
alcohol consumption approximately once every 1 to 2
months. Upon admission, tests for hepatitis A, B, C,
and E, cytomegalovirus infection, and Epstein-Barr
virus infection were all negative. Antinuclear antibodies
were also negative, and liver biopsy did not reveal any
abnormalities. DILI can be classified as hepatocellular,
cholestatic, and mixed type (/8,51). In this case,
hepatocellular injury with jaundice was present,
necessitating hospitalization due to the high risk of
severe liver failure and poor outcomes (52). This type of
hepatocellular injury was the most frequent type of liver
injury observed in this systematic review. Furthermore,
the time-to-onset of adverse events was consistent with
the early onset type.

Treatment of DILI hepatoprotective drugs (53).
In our cases, improvement was not observed upon
discontinuation but was achieved through steroid pulse
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Figure 4. Severity of Kampo medicines inducing liver injury based on cases from literature survey. The correlation between the severity of
Kampo medicines and the laboratory values for each patient in the literature survey is displayed in the color shade. (A) T-bil, (B) ALT, and (C)
ALP. T-bil: total bilirubin, ALT: alanine aminotransferase, ALP: alkaline phosphatase.

therapy. A systematic review found two cases (34,49)
of hepatocellular injury requiring plasma exchange and
hemodialysis, both with severe liver injury that improved
after steroid pulse therapy. However, in both cases, the
liver injury improved the day after the steroid pulse,
which is similar to the present case. As acute liver failure
occurs in severe cases of DILI, steroid pulse therapy may
be used to prevent severe disease (54,55). Early steroid
pulse therapy is believed to inhibit the progression of
liver failure by suppressing hepatocyte destruction
and microvascular damage via the immune response
(56), and our patient also recovered quickly and was
discharged from the hospital after steroid pulse therapy.

In this systematic review, we primarily relied on
case report literature to evaluate the drugs that cause
liver injury, the time to onset, the time to recovery, and
the severity of the injury that needed to be assessed.
According to the results of this systematic review, 41
components of suspected Kampo medicines contained
80.5% Glycyrrhizae radix and 65.9% Scutellariae radix.
Glycyrrhizae radix has been frequently reported to
cause pseudoaldosteronism, whereas Scutellariae radix
is commonly associated with interstitial pneumonia and
liver injury. Specifically, Scutellariae radix was found
in 27 formulations (65.9%), including Bofutsushosan,
Hangeshashinto, Nyoshinsan, Otsujito, Ryutanshakanto,
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Saibokuto, Saireito, Shin'iseihaito, and so on. The
possibility of Scutellariae radix as a cause of DILI has
been considered in previous studies (57,58).

Glycyrrhizae radix is present in 73.6% of Japanese
medicinal Kampo medicines (/7). To the best of our
knowledge, Glycyrrhizae radix associated DILI has never
been reported before. Glycyrrhizin, a major component of
Glycyrrhizae radix, and its metabolite glycyrrhetinic acid
acts on hepatocyte cell membranes, reducing enzymes
release from hepatocytes and exerting a protective effect
on hepatocytes (59). Furthermore, it has been suggested
that baicalin, the major component of Scutellariae
radix, may act as a hapten, causing allergic reactions
and resulting in cellular damage (60). Additionally,
in the present case, the patient was administered with
Saibokuto, which contains both Glycyrrhizae radix and
Scutellariae radix, and Rikkunshito, which contains
Glycyrrhizae; however, but the DLST results in this case
were positive for Saibokuto. When Rikkunshito was
added, the patient was already suffering from fatigue and
anorexia, which are early symptoms of liver injury. It
has been suggested that careful consideration is required,
especially for Kampo medicines containing Scutellariae
radix.

Many Kampo medicines contain Scutellariae radix,
which is also found in over-the-counter drugs (57).
Owing to the recent increase in CAM use, the number of
suspected cases of DILI caused by Kampo medicine is
expected to increase. Since cases involving Scutellariae
radix may be severe, as in this case, it is important
to confirm the formulation of Kampo medicine, take
appropriate action, and instruct the patient to avoid future
use of both medical and over-the-counter medications.

Kampo medicines contain multiple active ingredients
with diverse therapeutic effects. However, identifying
the specific cause becomes challenging (53). Moreover,
rechallenging patients carries a high risk, the cause
of which remains unclear. Therefore, conducting a
prospective study is ethically challenging. In addition,
the literature review focuses on case reports of liver
injury caused by Kampo medicines. It is important
to note that the study may be biased due to the small
proportion of Kampo medicines used in comparison
to Western medicines and the fact that case reports of
Kampo medicines are not very common.

5. Conclusions

In this study, we compiled information on Kampo
medicine-induced liver injury and highlighted the
possibility of different time to onset for each type of
liver injury, and the likelihood of Scutellariae radix as a
suspected component. In the medical field, particularly
when administering Kampo medicines containing
Scutellariae radix, monitoring liver function for at least
two months from the start of administration may be
crucial owing to the potential risk of hepatotoxicity.
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SUMMARY

Keywords

Several sodium-glucose cotransporter 2 (SGLT2) inhibitors are known to have beneficial effects on
renal function in patients with type 2 diabetes. However, the long-term effects of luseogliflozin, an
SGLT2 inhibitor, remain uncertain in real-world settings. This multicenter, open-label, prospective
observational study evaluated the long-term effects of luseogliflozin on renal function in Japanese
patients with type 2 diabetes. Fifty-four outpatients initiated on luseogliflozin at Fukuoka University
Chikushi Hospital or associated clinics were enrolled from April 2018 to December 2019, with
46 patients included in the final analysis set. The primary outcome was the change in estimated
glomerular filtration rate (¢GFR) from baseline to 104 weeks, and secondary outcomes included
the change in eGFR at week 52 and changes in body weight and blood and urinary parameters at 52
and 104 weeks. The mean duration of diabetes was 8.1 years. Baseline eGFR was 75.8 £ 17.4 mL/
min/1.73m’, and no decline in eGFR was observed from baseline to 104 weeks. Decline in eGFR was
suppressed in the two groups stratified by baseline eGFR (< 60 and > 60 mL/min/1.73m”). No changes
were noted in urinary albumin excretion rate. Blood glucose, body weight, blood pressure, liver
function, and uric acid levels showed significant improvements. There were four adverse events, but
no serious adverse events closely related to luseogliflozin treatment. In type 2 diabetes patients, 2-year
treatment with luseogliflozin provided beneficial metabolic effects and improved the rate of decline in
eGFR, suggesting a renal protective effect.

Sodium-glucose cotransporter 2 inhibitor, renal function, multifaceted effects, practicing physician

1. Introduction

Many epidemiological analyses have shown that better
glycemic control in patients with type 2 diabetes can
suppress the onset and progression of microangiopathy
more effectively. However, as shown in the United
Kingdom Prospective Diabetes Study (UKPDS) 80,
the post-trial monitoring of the UKPDS, the use of
conventional sulfonylureas drugs and insulin does
not improve mortality rates significantly compared to
standard treatment unless the treatment is continued for
ten years (/). Biguanides, pioglitazone, and a-glucosidase
inhibitor drugs have demonstrated favorable effects
on the short-term prognosis of macroangiopathy (2-
4). However, until recently, there were no substantial
reports on improved renal function in type 2 diabetes
patients with diabetic nephropathy, and there is no
clear evidence on whether conventional drugs improve
renal prognosis. In the EMPA-REG study, the sodium-

glucose cotransporter 2 (SGLT?2) inhibitor empagliflozin
improved the short-term prognosis of macroangiopathy,
except for nonfatal stroke (5). Several large-scale studies
(5-8) have also shown the effects of empagliflozin,
dapagliflozin, and canagliflozin on improving renal
prognosis. This study aimed to investigate whether
luseogliflozin, an SGLT2 inhibitor, exhibits a class effect
in protecting renal function. We also investigated whether
there are differences in renal protective effects depending
on the baseline estimated glomerular filtration rate
(eGFR). We prospectively administered luseogliflozin to
patients with type 2 diabetes, including those with renal
dysfunction, to investigate the long-term renal prognosis.

2. Patients and Methods
2.1. Patients

Participants were patients with type 2 diabetes aged 20
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years or older who were treated at the outpatient clinic
of Fukuoka University Chikushi Hospital or by local
physicians registered in the Chikushi Cardiovascular
Clinical Research Network, who had provided written
consent and who had been prescribed luseogliflozin
(hemoglobin Alc [HbAlc] 6.5% or more but less than
10%, including those currently undergoing treatment),
and whose eGFR immediately before starting treatment
was 30-90 mL/min/1.73m’.

Patients were excluded if they had any of the
following conditions: severe ketosis, diabetic coma
or precoma, type 1 diabetes, severe infection,
preoperative/postoperative state, severe trauma,
pregnancy or possible pregnancy (for women),
breastfeeding, or known hypersensitivity to any of the
ingredients of luseogliflozin. In addition, patients were
excluded if they had taken SGLT2 inhibitors within 6
months before starting luseogliflozin treatment or were
deemed unsuitable for any other reason by the study
investigators.

Patients were discontinued from the study if
they withdrew consent, experienced adverse events,
including severe hypoglycemia that prevented them
from continuing treatment, missed outpatient visits,
or if a physician deemed it inappropriate for them to
continue in the study.

This study was approved by the Kyoto Prefectural
University of Medicine Clinical Research Review
Board (file number: 201822). The study protocol
and patient informed consent forms were included
in the ethics committee application documents, and
written consent was obtained from each patient before
enrollment. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).
The study was registered in the Japan Registry of
Clinical Trials (registration number: jJRCTs051180060).

2.2. Evaluation endpoints

The primary endpoints were changes in eGFR from
baseline to 104 weeks overall, further stratified by
baseline eGFR (eGFR < 60 mL/min/1.73m” or eGFR >
60 mL/min/1.73m”). Secondary endpoints were changes
in eGFR from baseline to week 52, changes in resting
double product (calculated as systolic blood pressure
x pulse rate) at week 52 and week 104, and changes
in body weight, blood test values (e.g., hemoglobin,
HbAlc, hepatic biomarkers, lipids, and uric acid) and
urine test values (e.g., urinary albumin excretion rate) at
week 52 and week 104. Safety endpoints included type,
severity, and causality of adverse events.

2.3. Diabetes mellitus, hypertension, dyslipidemia and
obesity

Diabetes, hypertension, and dyslipidemia were
determined based on prescription status or according

to Japanese guidelines (9-17). Obesity was defined
according to Japanese standards as a body mass index
of 25 kg/m’ or higher.

2.4. Statistical analysis

Statistical analysis was performed at Fukuoka
University with IBM SPSS Statistics version 23 (IBM
Corp., Armonk, NY, US). Significant differences were
tested using the Student's 7-test for items with normal
variation and the Mann-Whitney test for items without
normality. Equality of variance was tested with the
Levene test, and when equal variance was not assumed,
Welch's test was performed. Correlations were tested
with Spearman's rank correlation coefficient. Numerical
results are presented as mean + standard deviation (SD),
median with interquartile range (IQR), or frequency
ratio. A P-value of less than 0.05 was considered
significant.

3. Results

Between April 2018 and December 2019, 54 patients
were enrolled across five facilities. Three patients
discontinued luseogliflozin due to adverse events, two
patients deviated from the protocol, and three patients
dropped out. The remaining 46 patients continued
luseogliflozin up to week 104 and were included in the
analysis (Figure 1). Reported adverse events included
death, cerebral infarction, elevated blood glucose (with
luseogliflozin continued), and skin rash in one patient
each. The dosage of luseogliflozin at week 104 was 2.5
mg/day in 30 patients, 5 mg/day in 15 patients, and 1.25
mg/day in one patient.

Table 1 presents the background characteristics of
participants. The mean age was 66.2 years, and the
mean duration of diabetes was 8.1 years. The proportion
of obese patients was high, with a mean body mass
index of 27 kg/m’. Approximately 60% of patients
had hypertension and dyslipidemia as comorbidities.
Dipeptidyl peptidase 4 inhibitors were the most
commonly used oral hypoglycemic drugs (37%),
followed by biguanides (26%). Renin-angiotensin-

Enrolled N=54 ‘

Excluded

* Drop out (N=3)

* Protocol deviations (N=2)

* Adverse event (N=3)
* Blood sugar exacerbation (N=1)
* Death (Primary disease) (N=1)
+ Stroke (N=1)

Analyzed N=46

Figure 1. Participant flow in the study.
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aldosterone system (RAS) inhibitors were used in
approximately 46% of patients.

Figure 2 shows the changes in eGFR over time.
Overall eGFR (mL/min/1.73m’) was 75.8 + 17.4 at
baseline, 75.4 + 20.7 at week 52, and 75.8 + 20.8 at
week 104, with no significant decline observed during

Table 1. Patient characteristics

Characteristics N (%)
N 46
Mean age (SD), y (n =46) 66.2+13.2
Male (n = 46) 27 (58.6)
Duration, y (n = 45) 8.1+£6.8
Body mass index, kg/m’ (n = 46) 27+3.7

Clinical presentation
Hypertension (n = 43) 29 (67.4)
Dyslipidemia (n = 43) 28 (65.1)
Hyperuricemia (n = 43) 6 (14.0)
Smoking (n = 46) 23 (50.0)
Drinking (n = 46) 28 (60.9)
Ischemic heart disease (n = 43) 4(9.3)
Previous stroke (n = 43) 1(2.3)
Diabetic microangiopathy (n = 43) 1(2.3)

Medication

Antidiabetic drugs
DPP4 inhibitors (n = 46) 17 (37.0)
Biguanides (n = 46) 12 (26.0)
Sulfonylureas (n = 46) 7(15.2)
a-Glucosidase inhibitors (n = 46) 0(0)
Glinides (n = 46) 0(0)
Thiazolidinediones (n = 46) 2 (4.3)
Insulin (n = 46) 1(2.2)
GLP1 RAs (n=46) 0(0)

Antihypertensive drugs (n = 46) 29 (63.0)
Renin-angiotensin system inhibitors (7 = 46) 21 (45.7)

Antidyslipidemic drugs (n = 46) 18 (39.1)

Antithrombotic agents (n = 46) 4(8.7)

Data are presented as numbers (%) or means + standard deviation.
DPP4, dipeptidyl peptidase 4; GLP1 RAs, glucagon-like peptide-1
receptor agonists, SD, standard deviation.

eGFR (mL/min/1.73m?)

90

the study period. To assess changes in eGFR, patients
were divided into two groups based on baseline eGFR (>
60 mL/min/1.73m’ and < 60 mL/min/1.73m?"). Patients
with renal dysfunction (eGFR < 60 mL/min/1.73m")
accounted for 8.7% of the total. No significant decline
in eGFR was observed in either group.

Secondary endpoints are shown in Table 2. No
significant change was observed in urinary albumin
excretion rate over time. Baseline HbAlc was 7.5%
and was significantly decreased at week 52 and week
104 (week 52, 7.0%; week 104, 7.0%; P < 0.01 for
each). Body weight significantly decreased by 3.6 kg
at week 52, and this effect was maintained at week
104. Systolic and diastolic blood pressure significantly
decreased at week 52, and diastolic blood pressure
also significantly decreased at week 104. Hepatic
biomarkers significantly improved at week 52 and week
104. Serum uric acid levels significantly decreased at
week 104.

As shown in Figure 3, eGFR demonstrated no
significant decrease over time regardless of urinary
albumin excretion rate or use of RAS inhibitors.

Table 3 shows the correlation matrix table for each
parameter at week 104. Changes in eGFR did not
correlate with changes in HbA 1c, body weight, or blood
pressure. The only parameter negatively correlating
with eGFR changes at week 104 was uric acid.

4. Discussion

This multicenter study conducted in local residents
demonstrated that administering luseogliflozin, an
SGLT2 inhibitor, to patients with type 2 diabetes in
clinical practice provides long-term renal protective
effects. Several large-scale studies (5-8) have shown
that dapagliflozin, empagliflozin, and canagliflozin
improve renal prognosis. While primary endpoints of
large-scale clinical trials often include end-stage renal

78.4 78.2 p=0.58 783 p=0.93
80 A o
&‘ 4 4( p=0.94
70 75.8 s 75.8
60
49.1 493 17
50 "- -
p=0.27 p=0.36
40
30
Baseline Week 52 Week 104

—@—Overall (n=46)

P value: Comparison versus baseline

—&- eGFR >60 (n=42)

-8 eGFR <60 (n=4)

Figure 2. Change of eGFR. Week 52, after 52 weeks of treatment; week 104, after 104 weeks of treatment. eGFR, estimated glomerular filtration
rate; G > 60, eGFR > 60 mL/min/1.73m* G < 60, eGFR < 60 mL/min/1.73 m’.
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Table 2. Changes in parameters at week 52 and week 104

Week 0 Week 52 P-value vs. Week 0 Week 104 P-value vs. Week 0
Body weight, kg (n = 44) 70.6 +12.7 67.0+£12.0 <0.01 66.8+12.5 <0.01
SBP, mmHg (n = 45) 133.1+13.0 129.5+9.7 0.02 130.0 £ 10.2 0.18
DBP, mmHg (n = 45) 762+ 8.4 73.8+8.6 <0.01 73.8+9.5 0.02
HR, bpm (1 = 40) 743 +10.0 732489 0.27 73.6+83 0.46
Double product (n=41) 9982 + 1696 9607 £+ 1350 0.12 9572 £ 1202 0.14
HbAlc, % (n = 46) 7.5+0.6 7.0+0.7 <0.01 7.0+0.6 <0.01
Glucose, mg/dL (n = 46) 176.7 £ 56.0 148.3 £36.6 <0.01 141.9+374 <0.01
LDL-C, mg/dL (n = 42) 115.7 +32.0 115.6 £29.1 0.22 110.7 £26.2 <0.01
HDL-C, mg/dL (n =41) 50.8+12.8 542+ 14.8 <0.01 53.0+13.2 0.05
Triglyceride, mg/dL (IQR) (n =43) 162 (110-233) 153 (111-203) 0.18 155 (107-221.5) 0.19
AST, U/L (IQR) (n=43) 24 (21-35) 21 (17-26) <0.01 22 (17-26.5) <0.01
ALT, U/L (IQR) (n = 43) 29 (21-43) 23 (15-27) <0.01 22 (16.5-27.5) <0.01
v-GTP, U/L (IQR) (n =43) 35 (24-50) 27 (18-37) <0.01 27 (21-36.5) <0.01
UA, mg/dL (n=43) 53+£1.3 50+1.1 0.06 49+1.2 0.01
WBC,x10° /uL (n = 42) 65+14 6.1+13 0.10 63+1.5 0.39
Ht, % (n=42) 424+£36 43.5+4.1 0.02 43.1+£3.6 0.50
Plt, x10*/uL (n = 42) 23.0+£59 22.7+6.0 0.14 22.7+6.3 0.10
ALB, mg/dL (n =32) 42+0.3 43+0.3 0.60 43+0.3 0.90
Na, mmol/L(n = 43) 140.1£2.5 140.3+£2.4 0.07 140.0 £ 2.1 1.00
K, mmol/L(n = 43) 42+04 43+04 0.48 42+0.4 0.68
Urinary albumin/urinary creatinine 18.0 (8.0-61.2) 20.5 (8.4-58.4) 0.99 14.5 (6.6-43.2) 0.48

(mg/g * Cr) (n =34)

Data are presented as means + standard deviation or medians (interquartile range). Week 0, 0 week (baseline); week 52, after 52 weeks of
treatment; week 104, after 104 weeks of treatment. y-GTP, gamma-glutamyl transpeptidase; ALB, albumin; ALT, alanine transaminase; AST,
aspartate transaminase; DBP, diastolic blood pressure; HbAlc, hemoglobin Alc; HDL-C, high-density lipoprotein cholesterol; HR, heart rate;
Ht, hematocrit; IQR, interquartile range; LDL-C, low-density lipoprotein cholesterol; Plt, platelets; SBP, systolic blood pressure; UA, uric acid;
WBC, white blood cells.

(a) (b)
eGFR (mL/min/1.73m?) eGFR (mL/min/1.73m?)
85 8 82.0 82.0
"\8.0,'5_———-—-—"_'
80 —
80 P=0.55 P=0.85
75 P=0.69 P=0.43 75
71.2
" - 70.2 : 71.8
70.9 68.7 0 ‘ 69.3
. 68.7
65 683 P=0.33 P=0.45 69.3
65 P=0.98 P=0.60
60
Baseline Week 52 Week 104 60 .
Baseline Week 52 Week 104

=o—microAlb (-) (n=22) =@=microAlb (+) (n=12)

~e-RASI (-) (n=23) -8=RASI (+) (n=20)

Baseline U-Alb/U-Cr (mg/g)
microAlb (-) 103

microAlb (+) 76.6 P value: Comparison versus baseline

Figure 3. Change of eGFR with or without microalbuminuria (a) and renin-angiotensin-aldosterone system inhibitors (b) at baseline.
Week 52, after 52 weeks of treatment; week 104, after 104 weeks of treatment. eGFR, estimated glomerular filtration rate; microAlb,
microalbuminuria; RASI, renin-angiotensin system inhibitor; U-Alb, urinary albumin; U-Cr, urinary creatinine.

disease, renal death, and cardiovascular death, the annual decline in eGFR in Japanese patients is 0.36

evaluation of these endpoints requires a large sample
size of around several thousand participants. It would be
difficult to conduct such large clinical trials in routine
clinical settings; for this reason, we focused on the
eGFR slope following long-term treatment with SGLT2
inhibitors. The eGFR slope is associated with renal
prognosis, and a decline of 0.5-1.0 mL/min/1.73m?/
year in éGFR has been reported as a surrogate endpoint
for the progression of renal disease (/2). The average

mL/min/1.73m’ (13), and the annual decline in eGFR in
patients with type 2 diabetes has been reported to be as
high as 1.67 mL/min/1.73m” in a large-scale study (/4).
This accelerated decline indicates diabetes as a factor
that worsens renal prognosis.

This study aimed to demonstrate the renal protective
effects of luseogliflozin, which has not been shown
to improve renal prognosis in large-scale studies.
In this study, no significant decline in eGFR was
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Table 3. Correlation between amounts of change in each parameter at week 104

AeGFR  AHbAlc ADBP ABW ALDL-C  AHDL-C AAST AALT AYGTP AUA
AeGFR
r=-0.03
AHbAI
bATe 085
r<0.01 =035
ADBP P=097 P=0.82
r=0.15 r=021 r=0.29
ABW P=034 P=0.18 P=0.053
r=006  r=022  r=041 r=0.24
ALDL-C P=075 P=019 P=0.01 P=0.16
r=0.14  r=0.01 F=025  r=-029 r=0.29
AHDL-C P=037 P=095 P=011 P=006 P=091
AAST r=-015 r=-072 r=-025 r<-001 r=-0.38 r=-0.30
P=035 P=065 P=012 P=099 P=0.02 P=0.056
AALT r=-020 r=027 r=-021 r=006 r=-030 r=-031 r=0.91
P=021 P=087 P=019 P=072 P=007 P=0.05 P<0.01
AvGTP r=-005 r=-029 r=-024 r=-0.14 r=-009 r=-0.36 r=041 r=042
4 P=076 P=006 P=013 P=036 P=061 P=002 P<00I P<0.0I
AUA r=-0.32 r=029 r=-022 r=-0.02 r=-009 r=-0.12 r=017 r=017 r=032
P=0.04 P=0053 P=0.17 P=092 P=058 P=044 P=028 P=030 P=0.04

AeGFR = (estimated glomerular filtration rate at week 104 - estimated glomerular filtration rate at baseline), AHbAlc = (hemoglobin Alc at
week 104 - hemoglobin Alc at baseline), ADBP = (diastolic blood pressure at week 104 - diastolic blood pressure at baseline), ABW = (body
weight at week 104 - body weight at baseline), AALT=(alanine transaminase at week 104 - alanine transaminase at baseline), AAST = (aspartate
transaminase at week 104 - aspartate transaminase at baseline), Ay-GTP = (gamma-glutamyl transpeptidase at week 104 - gamma-glutamyl
transpeptidase at baseline), AHDL-C = (high-density lipoprotein cholesterol at week 104 - high-density lipoprotein cholesterol at baseline),
ALDL-C = (low-density lipoprotein cholesterol at week 104 - low-density lipoprotein cholesterol at baseline), AUA = (uric acid at week 104 - uric

acid at baseline).

observed in the two years after starting luseogliflozin
treatment. eGFR remained stable, and the group with
reduced renal function (eGFR < 60 mL/min/1.73m’)
showed an increase in eGFR of 2.6 mL/min/1.73m’.
Among patients with type 2 diabetes, administration
of luseogliflozin did not result in decreased eGFR or
increased urinary albumin excretion rate, suggesting
its potential to improve renal prognosis. Among the
six SGLT2 inhibitors available in Japan, luseogliflozin
has the lowest prescribed dose (/5). A previous in
vivo study revealed that luseogliflozin has a high renal
transfer rate (/6), which may enable luseogliflozin's
pharmacological effects to be exerted efficiently.
Luseogliflozin utilizes multiple metabolic pathways,
which means there are minimal changes in plasma
exposure even in patients with hepatic or renal
dysfunction (/7,18), thus reducing the risk of side
effects. These characteristics suggest that luseogliflozin
has at least equal or greater efficacy than that of other
SGLT?2 inhibitors. The results of this study suggest
that the renal protective effect of SGLT2 inhibitors,
including luseogliflozin, is a class effect, supporting
the findings of Suzuki et al. (19). Large-scale studies
have reported that SGLT2 inhibitors improve renal
function to a greater extent in patients with reduced
renal function than in patients with normal renal
function (7,8). In this study, over 90% of patients had
an eGFR of 60 mL/min/1.73m” or higher, and 65% (22
of 34 patients) were in the normoalbuminuric phase.
In patients with normal renal function, luseogliflozin

suppressed decreases in eGFR and increases in urinary
albumin, demonstrating a renal protective effect. In
the normoalbuminuric phase, glycemic control was
initially insufficient, with an HbAlc of 7.5%, and it
is said that diabetic nephropathy develops 10 years
after the onset of diabetes (20). In this study, the mean
duration of diabetes was approximately 8 years, so
this patient population is considered to be at high
risk of progressing to the microalbuminuria phase. In
view of this, it may be beneficial to administer SGLT2
inhibitors to all patients with type 2 diabetes, including
those before the onset of nephropathy, unless use is
contraindicated for some reason.

SGLT2 inhibitors inhibit the sodium-glucose
cotransporter 2 in the kidneys, suppressing the
reabsorption of Na and glucose. As one of the renal
protective mechanisms of SGLT2 inhibitors in type
2 diabetes, the inhibition of SGLT2 suppresses Na
reabsorption in the proximal tubule, increasing Na
delivery to the macula densa surrounding the distal
tubule; this causes the afferent arteriole to constrict,
reducing hyperfiltration and lowering intraglomerular
pressure, thus preventing glomerular injury (27). At the
cellular level, it has been reported that SGLT?2 inhibitors
improve energy metabolism in proximal tubule cells,
suppress Na/K ATPase consumption on the vascular
side of the proximal tubule, and protect tubule cells
(22), and that increased expression of SGLT2 leads to
injury in glomerular epithelial cells (podocytes) (23). In
this study, luseogliflozin not only improved glycemic
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control but also reduced body weight, diastolic blood
pressure, liver function parameters, and uric acid at
week 52, and these effects were maintained at week
104. The changes in eGFR at weeks 52 and 104 showed
no correlation with baseline HbAlc or with the amount
of HbAlc reduction over the 2-year period, suggesting
that the renal protective effect of luseogliflozin is
independent of glycemic control. The pleiotropic effects
of luseogliflozin were weight loss, diuresis, uric acid
reduction, and blood pressure reduction, which did not
show a direct correlation with renal function, except
for uric acid reduction. However, it is already known
that hypertension, hyperglycemia, and worsening
uric acid can cause renal dysfunction (24,25); thus,
improvements in these factors may have contributed
synergistically to renal protection.

In patients with type 2 diabetes, angiotensin II
type 1 (AT1) receptor expression is increased in
efferent arterioles compared to afferent arterioles,
and RAS inhibitors dilate efferent arterioles more,
lowering intraglomerular pressure (26). Combining
the use of RAS inhibitors with SGLT2 inhibitors
may provide additional correction of intraglomerular
pressure. On the other hand, there is a concern that this
combination may reduce eGFR. In this study, there
was no decrease in eGFR regardless of RAS inhibitor
use, suggesting that combined use with RAS inhibitors
does not excessively reduce intraglomerular pressure
and continues to provide renal protection, and further
suggests that luseogliflozin offers a renal protective
effect independent of RAS inhibitor treatment.

Patients with type 2 diabetes have a high rate of
nonalcoholic fatty liver disease (approximately 70%)
(27), and the incidence of hypertension is twice as high
as that of nondiabetic patients (28). Obesity contributes
to hyperinsulinemia, which can lead to the onset of
diabetes and elevated blood glucose. In this study,
luseogliflozin reduced body weight, lowered diastolic
blood pressure, improved liver damage, and reduced
uric acid levels, resulting in long-term improvement of
lifestyle-related conditions commonly associated with
diabetes. This suggests that luseogliflozin may also be
useful in improving and maintaining comprehensive
health.

Adverse events occurred in four patients. One
adverse event was death due to malignant brain
lymphoma which was not related to luseogliflozin.
There was no evidence of urinary ketone bodies or
lactic acidosis, indicating that luseogliflozin was safe
for long-term use.

A limitation of this study is that it was a single-
arm, open-label study, and a placebo effect could not be
ruled out.

In this multicenter, prospective, observational
study conducted in a real-world clinical setting by
general practitioners, luseogliflozin demonstrated
renal protective effects in patients with type 2 diabetes

regardless of the baseline eGFR value or the presence
or absence of microalbuminuria. The study showed
that luseogliflozin demonstrates multifaceted favorable
effects on blood glucose, liver function, body weight,
and uric acid.
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Shenling Guchang prescription ameliorates intestinal barrier
inflammation in gestational diabetes rats via TLR4/NF-xB
pathway
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SUMMARY Gestational diabetes mellitus (GDM) is linked to a greater risk of various maternal and fetal
complications, including the possibility of long-term metabolic issues in offspring. Our initial research
suggests that the Traditional Chinese Medicine formula, Shenling Guchang prescription (SLGP),
may have an impact on the gut microbiota. However, the specific mechanisms through which it
affects intestinal barrier inflammation in GDM are still not fully understood. This study explored
SLGP's mechanisms in GDM. Firstly, network pharmacology predicted key bioactive constituents
targeting toll-like receptor 4 (TLR4)/nuclear factor-kappa B (NF-kB), guiding experimental design.
Subsequently, the pregnant female rats were induced with GDM through intraperitoneal streptozotocin
injection and then divided into control, model, metformin, and SLGP treatment groups. Blood samples
were collected for ELISA analysis to measure levels of inflammatory markers, intestinal tissues
were examined histologically using hematoxylin-eosin (HE) staining, and western blot analysis was
conducted to evaluate TLR4 and NF-kB expression. Relative to control rats, model group animals
exhibited significant increases in the levels of inflammatory markers (IL-1f, IL-6, TNF-a, TGF-f,
CRP), as well as enhanced TLR4 and p-NF-«xB p65 expression, along with intestinal histopathological
changes. Treatment with SLGP notably reduced inflammatory markers and protein expression in the
colonic tissue of GDM rats, leading to a decrease in histopathological damage. Overall, SLGP was
found to modulate the TLR4/NF-kB pathway, resulting in enhancements in insulin resistance and a
reduction in inflammatory responses in GDM rats, thereby providing protection for the intestines.
This study demonstrates the potential therapeutic effectiveness of SLGP in addressing intestinal
inflammation linked to GDM.

Keywords Gestational diabetes mellitus, intestinal inflammation, inflammatory marker, toll-like receptor 4,
nuclear factor-kappa B

1. Introduction complex assembly of diverse microorganisms in the

gastrointestinal tract, plays a central role in shaping host

Obesity is a pressing global health issue that has fueled
a rise in gestational diabetes mellitus (GDM) incidence,
which now impacts approximately 4-16.5% of pregnant
women globally (/), exposing both the mother and
the fetus to health risks that can persist even after
the perinatal period ends (2-4). The precise causes of
GDM are incompletely understood, but key drivers of
this condition include inflammation, oxidative stress,
and insulin resistance (5,6). The gut microbiome, a

immune activity and metabolic functionality (7,8). Recent
studies suggest that gut dysbiosis are linked to GDM
incidence (9,10). The disruption of normal microbial
homeostasis within the gut can lead to the production of
a variety of signaling molecules and metabolites that can
modulate the function of the intestinal barrier (/7,12).
Such disturbances can be linked to an increase in gut
permeability such that lipopolysaccharide (LPS) and
other compounds can access the bloodstream and trigger
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TLR4/MyD88/NF-kB pathway-mediated inflammation
(13). The consequent oxidative stress and systemic
inflammation can lead to the onset of insulin resistance
associated with GDM (/4).

At present, the outcomes associated with common
treatments for GDM such as exercise, dietary changes,
and pharmacological interventions remain highly
variable (/5). There is thus a clear need to devise new
treatment options that are more efficacious. Traditional
Chinese medicine (TCM) has been established as a
promising approach to the treatment of GDM, although
the mechanisms through which TCM prescriptions exert
their effects are incompletely understood, particularly as
they pertain to the TLR4/NF-«B pathway (/6).

This study was developed to assess the impact
of Shenling Guchang prescription (SLGP), a TCM
formula, a traditional Chinese medicine formula has
been used to treat various gastrointestinal diseases in
clinical practice, and its potential benefits in controlling
GDM. To deeply understand SLGP's therapeutic
potential, network pharmacology was first utilized
to predict its active components and relevant targets.
Following this, a GDM rats model was implemented
to explore the mechanisms of action. By merging
network pharmacology with vivo experimentation,
the study aimed to clarify SLGP's role in GDM's
pathophysiological processes.

2. Materials and Methods
2.1. Network pharmacology

2.1.1. Collection of chemical composition and target
prediction of SLGP

The chemical composition and target prediction of SLGP
were conducted using Chinese traditional medicine.
Active ingredients from Pseudostellaria heterophylla,
Atractylodes Macrocephalae Koidz, Poria cocos, Coicis
Semen, Dioscorea opposita Thunb, Crataegi Folium,
Puerariac Lobatac Radix, Agrimoniaec Herba, and
Glycyrrhizae Radix et Rhizoma were retrieved based on
criteria from the Traditional Chinese Medicine Database
and Analysis Platform (TCMSP, https://tcmsp-e.com/),
specifically targeting compounds with oral bioavail-
ability (OB) > 30% and medicinal likeness (DL) > 0.18.
After sorting, Uniprot (https://www.uniprot.org/) data
were used to standardize gene names by removing non-
human genes and eliminating duplicate targets.

2.1.2. Acquisition of GDM-related targets

Targets associated with Gestational Diabetes Mellitus
(GDM) were obtained by que-rying GeneCards (https://
www.genecards.org/) and OMIM (https://www.omim.
org/) databases using the keyword "GDM". Integrated
database entries were scrutinized in Excel to remove

duplicate genes and validate gene information against the
Uniprot database.

2.1.3. Drug-disease target prediction results

Drug component targets and disease targets were
mapped, and a Venn diagram was created to identify
intersecting genes. The Drug-Ingredient-Target network
was sub-sequently constructed using Cytoscape 3.7.2
software.

2.1.4. Construction of target protein interaction network

To investigate the protein-protein interactions of
SLGP in treating GDM, drug-intersecting genes were
uploaded to the STRING database (https://string-db.
org/) to construct a Protein-Protein Interaction (PPI)
network. Species specificity was set to "Homo sapiens",
and a minimum interaction score of 0.7 was applied to
ensure study credibility. Results were exported in TSV
format and analyzed in Cytoscape 3.7.2. Node size and
color reflected Degree centrality, while edge thickness
indicated CombineScore, highlighting core targets in the
network diagram.

2.1.5. GO enrichment analysis and KEGG pathway
analysis

Intersection genes were imported into the Drug_Disease.
txt file, and their symbols were converted to EntrezIDs
using the org.Hs.eg.db package in RStudio. GO enrich-
ment and KEGG pathway analyses were performed
using the clusterProfiler package, with human species
specified and significance threshold set at P < 0.05.
The top 10 results were visualized using the ggplot2
package, elucidating the role of SLGP target proteins
in GDM treatment across Biological Processes (BP),
Cellular Components (CC), and Molecular Functions
(MF). Additionally, KEGG pathway enrichment analysis
provided further insights into the therapeutic targets of
SLGP in GDM treatment.

2.2. Animals

In total, 62 specific-pathogen-free (SPF) healthy female
Sprague-Dawley (SD) rats (8 weeks old, 200 = 20 g) and
36 SPF healthy male SD rats of a similar age and weight
were purchased from Changsha Tianqin Biotechnology
Co., Ltd. (experimental animal qualification certificate
number SCXK (Xiang) 2021-0005). These rats were
individually housed at the Animal Experiment Center
of Guizhou University of Chinese Medicine with free
food and water access under controlled conditions (22
+ 1°C, 12 h light/dark cycle). The Guizhou University
of Chinese Medicine approved all animal studies, and
efforts were made to minimize animal suffering wherever
possible.
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2.3. Pregnant rat preparation

After allowing 1 week for acclimatization, the 62 female
rats were fasted overnight with free access to water,
followed by analyses of their blood glucose levels, with
levels < 6.1 mmol/L being sufficient for inclusion in
this study. The 62 enrolled rats that met these criteria
were allowed to acclimate for an additional week, after
which they were co-housed for one week with male rats
at a 1.5:1 ratio. In the morning, rats were examined for
vaginal plugs, with the day that a plug was observed was
set as day 0.5 of pregnancy. Blood glucose was measured
on day 0.5 to exclude any potential for pre-gestational
diabetes. After one week, any rats who did not conceive
were excluded from this analysis. In total, 48 rats
successfully became pregnant.

2.4. GDM modeling and treatment

The 48 pregnant female rats were further subdivided at
random into 6 groups (n = 8/group), including a blank
control group in which rats received a normal diet.
The remaining 40 rats underwent GDM modeling by
administering a high-fat/high-sugar diet (59% regular
feed, 18% lard, 20% sugar, and 3% egg yolk; Ke Ao Xie
Li, Beijing, China) for 5 days. After this 5-day period,
all pregnant rats underwent overnight fasting with free
access to water, followed by the measurement of their
body weight and fasting blood glucose (/7). Rats in the
modeling groups were then administered freshly prepared
STZ (35 mg/kg; Solarbio, Beijing, China, batch number
is S8050-100mg) once per day for 3 days, whereas the
rats in the blank control group were injected with a
similar volume of vehicle control (0.1 mmol/L sodium
citrate buffer). At 24, 48, and 72 h post-administration,
fasting blood glucose levels in these rats were analyzed,
with modeling being considered successful if the rats
exhibited blood glucose levels above 11.1 mmol/L
on three consecutive days. Body weights were again
measured after successful modeling.

The 40 rats that had undergone GDM modeling were
further divided with a random number table into model,
metformin, and SLGP treatment (low-, medium-, or
high-dose) groups. Per the "Laboratory Animals" dosage

Table 1. Composition of SLGP

conversions, a dose equivalent to the daily dose for a 60
kg adult was calculated. SLGP was obtained from The
Intelligent Granule Pharmacy of the Second Affiliated
Hospital of Guizhou University of Chinese Medicine,
and consisted of 15 g Pseudostellaria heterophylla, 15 g
Atractylodes Macrocephalae Koidz, 15 g Poria cocos, 20
g Coicis Semen, 30 g Atractylodis Dioscorea opposita
Thunb, 15 g Crataegi Folium, 15 g Puerariae Lobatae
Radix, 15 g Agrimoniae Herba, and 6 g Glycyrrhizae
Radix et Rhizoma (Table 1). Square granules from
Sichuan New Green Medicine Industry (Batch numbers:
20110141, 21080031, 21080103, 21060067, 21050095,
21040030, 20080222, 21020023, 20080229, and
21070040) were administered via gavage to rats in the
low-, medium-, and high-dose treatment groups at 4.5,
9, and 18 mg/kg. Metformin (500 mg/tablet; Tianfang
Pharmaceutical, Xi'an, China) was obtained from the
Western Medicine Pharmacy of the same hospital and was
administered to rats in the appropriate group at 52.5 mg/
kg via gavage. Rats in the model and blank groups instead
received an equal volume of 0.9% saline. Treatment was
repeated once per day for 2 weeks, after which all rats
were euthanized following food and water deprivation
for 12 h. Blood glucose and body weight values were
measured for rats in each group, after which samples of
blood and colon tissue were harvested for analysis.

2.5. ELISAs

After allowing blood samples to stand for 30 min at
room temperature, they were centrifuged (15 min, 2,000
rpm; radius: 5 cm), and serum was then stored at -80°C.
Serum levels of insulin (Elabscience, Wuhan, Hubei,
China), C-reactive protein (CRP, eBioscience, Wuhan,
Hubei, China), IL-1p, IL-6 (MultiSciences, Shanghai,
China), lipopolysaccharide (LPS, MSKBIO, Wuhan,
China), TGF-B, tumor necrosis factor-o (TNF-a), TLR-4
(Bioswamp, Wuhan, Hubei, China), and phospho-NF-kB
p65 (MSKBIO, Wuhan, Hubei, China).

2.6. Histopathological staining

Samples of colon tissue from the same location in
each rate were fixed for 48 h in 4% paraformaldehyde,

English name Chinese name Content (g) Main components
Pseudostellaria heterophylla Taizishen 15 Polysaccharides, amino acids, trace elements
Atractylodes Macrocephalae Koidz Baizhu 15 Starch, triterpenoids, flavonoids

Poria cocos Fulin 20 Lignans, polysaccharides, alkaloids

Coicis Semen Yiyiren 20 Polysaccharides, proteins, amino acids
Dioscorea opposita Thunb Shanyao 30 Starch, glycoproteins, saponins

Crataegi Folium Shanzhaye 15 Flavonoids, triterpenoids, sterols

Puerariae Lobatae Radix Gegeng 15 Saponins, flavonoids, polysaccharides
Agrimoniae Herba Xianhecao 15 Alkaloids, flavonoids, tannins

Glycyrrhizae Radix et Rhizoma Gancao 6 Glycyrrhizin, flavonoids, polysaccharides
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paraffin-embedded, and cut into 4-6 um sections. These
sections were then deparaffinized, rehydrated, and
stained with hematoxylin and eosin (H&E) solution
(Servare,Wuhan,Hubei,China) as directed, followed by
imaging with a microscope.

2.7. Western immunoblotting

Colon tissue samples were collected from the same
location in rats from each group and stored at -80°C for
analysis. RIPA buffer (Kangwei Century,Qingdao,China)
was used to homogenize these colon tissue samples,
which were then centrifuged (5 min, 15,000 rpm), and
supernatants were collected. After measuring the total
protein content in these supernatants, 30 pug per sample
was separated via SDS-PAGE and transferred to a
PVDF membrane (Millipore,Shanghai,China) with a
semi-dry transfer technique. Blocked membranes were
incubated overnight with primary antibodies specific
for TLR4 (Bioswamp), p-NF-kB p65 (CST, Shanghai,
China), and GAPDH (Abcam,Shanghai,China) at
4°C. After a | h incubation with secondary antibodies
(Kangwei Century), a chemiluminescent substrate was
used for membrane development. ImageJ was used for
densitometric analyses of protein bands, with GAPDH as
a loading control.

2.8. Statistical analysis

GraphPad Prism 8.0 and SPSS 19.0 were used to
analyze all data, which are reported as means + standard
deviations (SD). Results were compared with one-
way ANOVAs and multiple comparisons testing as
appropriate. P < 0.05 was selected as the cut-off to define
significance.

3. Results

3.1. Acquisition of active compounds and its targets in
SLGP

Following removal of ineffective components and criteria
of OB > 30% and DL > 0.18, the following components
were collected: 6 from Pseudostellariae Radix, 5 from
Radix Pseudostellariae, 4 from Radix Pseudostellariae,
6 from Hawthorn Leaf, 88 from Licorice, 6 from Poria
Poria, 12 from Yam, 4 from Pueraria Root, and 9 from
Coix Seed. In total, 122 ingredients were identified
from all pharmaceutical ingredients. Collecting all
disease targets of these 122 active compounds, a
components-targets network was constructed. The
top five components identified were MOL000098
(quercetin), MOL000422 (kaecmpferol), MOL000006
(luteolin), MOL000449 (stigmasterol), and MOL000392
(formononetin).

3.2. PPI network analysis of core targets

Using a Relevance Score > 5 as the criterion for inclusion
from GeneCards, 2,636 targets were included, and an
additional 522 targets were obtained from the OMIM
database. After deduplication, 3,056 GDM-related
targets were identified. Intersection of GDM target
genes and drug target genes yielded 134 overlapping
genes, representing potential interaction targets for GDM
treatment (Figure 1A). After intersection of all drug and
GDM targets, 134 overlapping genes were identified and
analyzed using the String database (https://string-db.
org/) for protein-protein interaction prediction in Homo
sapiens, with a confidence threshold of 0.7. The resulting
network file was saved in TSV format and imported
into Cytoscape 3.7.2 to construct a protein interaction
network. Nodes with Degree > 5 were selected for
topology analysis, revealing 104 nodes and 2230 edges.
The top 20 target genes including /L6, TP53, STAT3,
AKTI, ILIB, TNF, EGFR, JUN, CASP3, MMP9, PTGS2,
MYC, BCL2, IL10, CXCLS, HIFI1A4, ESRI, MAPK3,
FOS, and STAT1 were screened using the cytohuba plug-
in (Table 2, Figure 1B).

A Drug Disease

2922
(93. 2%)

Figure 1. Components and targets analysis of SLGP in treating
GDM. (A) The core regulatory genes of SLGP in treating GDM. (B)
PPI network showed the protein relationship between SLGP and
GDM. The network was re-edited by Cytoscape. The node's color is
marked from red to yellow according to the degree value in descending
order.
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Table 2. Top 20 target genes of SLGP

Rank  Gene Protein name Score
1 IL6  Interleukin-6 63
2 TP53  Cellular tumor antigen p53 60
3 STAT3 Signal transducer and activator of 57
transcription 3
4 AKTI RAC-alpha serine/threonine-protein kinase 56
5 ILIB  Interleukin-1 beta 53
6 TNF  Tumor necrosis factor 53
7 EGFR Epidermal growth factor receptor 53
8 JUN  Jun proto-oncogene 47
9 CASP3 Caspase-3 44
10 MMP9 Matrix metalloproteinase-9 44
11 PTGS2 Prostaglandin G/H synthase 2 41
12 MYC  Myelocytomatosis oncogene 41
13 BCL2  B-cell lymphoma-2 40
14 IL10  Interleukin-10 39
15 CXCLS8 C-X-C motif chemokine ligand 8 39
16 HIFIA Hypoxia-inducible factor 1-alpha 39
17 ESRI  Estrogen receptor 38
18 MAPK3 Mitogen-activated protein kinase 3 38
19 FOS  Proto-oncogene c-Fos 38
20 STATI Signal transducer and activator of 38

transcription 1

response to lipopolysaccharide

response to molecule of bacterial origin

cellular response to chemical stress

response to nutrient levels

reactive oxygen species metabolic process
response to drug

response to oxidative stress
response to reactive oxygen species
muscle cell proliferation

cellular response to oxidative stress
membrane raft

membrane microdomain

membrane region

caveola

plasma membrane raft

vesicle lumen

RNA polymerase Il transcription regulator complex
cytoplasmic vesicle lumen

transcription regulator complex

early endosome

nuclear receptor activity

ligand-activated transcription factor activity

DNA-binding transcription factor binding
RNA polymerase Ii-specific DNA-binding transcription factor
binding

cytokine receptor binding

steroid hormone receptor activity
cytokine activity

ubiquitin-like protein ligase binding
phosphatase binding

ubiquitin protein ligase binding

3.3. Biological function enrichment analysis
3.3.1. GO enrichment analysis

ClusterProfiler package identified 2,742 enriched GO
terms, including 2473 bio-logical processes (BP), 78
cellular components (CC), and 191 molecular functions
(MF). Top 10 GO terms for BP, CC, and MF were
plotted. BP involved responses to lipopolysaccharides,
chemical stress, nutrient levels, reactive oxygen species
metabolism, drug responses, oxidative stress, muscle
cell proliferation, and cellular response to oxidative
stress. CC encompassed membrane rafts, plasma
membrane rafts, vesicular lumen, and transcriptional
regulatory complexes. MF included nuclear receptor
activity, ligand-activated transcription factor activity,
DNA-bindintranscription factor binding, and cytokine
receptor binding, etc. (Figure 2A).

3.3.2. KEGG pathway enrichment analysis

GO Results of Three Ontologies

B ee
N v

Molecular Function

30 40

20
Enrichment Score

B

nuclear receptor activity
ligand-activated transcription factor activity
DNA-binding transcription factor binding

RNA polymerase ll-specific DNA-binding transcription factor
binding

cytokine receptor binding

Count
.8
@ 12
@ 6
@

steroid hormone receptor activity

cytokine activity |

ubiquitin-like protein ligase binding

pvalue

4e-10
3e-10
2e-10
1e-10

binding

ubiquitin protein ligase binding

10

12

14

16

18

EnrichmentScore (~log10(pvalue))

Figure 2. Enrichment analysis of SLGP on GDM. (A) The biological process, cellular component, and molecular function of GO analysis were
shown. (B) KEGG pathway analysis showed the top 20 enrichment pathways.
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KEGG Pathway analysis identified 179 pathways
relevant to GDM treatment, with the top 20 pathways
selected for mapping. Pathways included lipid and
atherosclerosis, AGE-RAGE signaling pathway in
complications of diabetes, hepatitis B, fluid shear
stress and atherosclerosis, prostate cancer, and others,
suggesting potential regulatory mechanisms of Chinese
herbal compounds, etc. (Figure 2B).

3.4. SLGP treatment improves glucose metabolism in
GDM model rats

GDM model rats were gavaged with SLGP (4.5, 9, or
18 mg/kg) or metformin (52.5 mg/kg), while blank and
model group rats were instead gavaged with an equal
volume of 0.9% saline once per day for two weeks.
Relative to blank controls, GDM model groups exhibited
significantly elevated insulin levels (P < 0.01). Compared
with the model group, high-dose SLGP treatment
significantly lowered insulin levels in these experimental
rats (Table 3, P <0.05).

3.5. SLGP suppresses intestinal barrier-related
inflammatory factor production

Relative to blank controls, significant increases in
CRP, IL-6, IL-1B, TGF-B, TNF-a, and LPS levels were
detected in the model group (P < 0.05). SLGP treatment
significantly reduced the levels of these inflammatory
factors relative to the model group (P < 0.05), and similar
reductions were observed in the metformin group, albeit
without any significant differences in TGF-f and TNF-a
levels (Table 4).

Table 3. The impact of SLGP on glycometabolic activity (x
+s5,n=28)

Groups n INS/pg-mL"
Normal 8 115.89 +£48.66"
GDM 8 239.96 +47.97
Low-dose SLGP 8 193.65 £ 93.82
Medium-dose SLGP 8 224.47 +55.61
High-dose SLGP 8 137.30 + 55.26"
Metformin group 8 205.16 £ 20.96

"P<0.05vs. GDM; "P<0.01 vs. GDM.

3.6. SLGP modulates serum TLR4 and p-NF-xB p65
levels in rats

Significantly elevated TLR4 and p-NF-«kB p65 levels
were detected in the model group as compared to
the blank group (P < 0.05), while these levels were
significantly reduced relative to model rats in serum
samples from the medium-dose SLGP group (Table 5, P
<0.05).

3.7. SLGP treatment alters intestinal barrier
histopathology in GDM model rats

Control group rats exhibited a colonic structure that was
intact without any apparent evidence of inflammatory
cell infiltration or necrosis. Model group rats presented
with degenerative changes in the mucosal layer, a
congested and edematous submucosal layer, a thinner
muscle layer, an enlarged intestinal lumen, and some
degree of crypt loss. For rats in the low-, medium-, and
high-dose SLGP treatment groups, mucosal degeneration
and submucosal congestion and edema were still evident,
but the degree of inflammatory cell infiltration was
reduced as compared to that observed for GDM model
rats. Mucosal and submucosal necrosis were evident
in the metformin group, together with mild edema,
congestion, and inflammatory cell infiltration (Figure 3).

3.8. SLGP affects colon TLR4, p-NF-kB p65 protein
expression

Western immunoblotting revealed significantly elevated
TLR4 and p-NF-«kB p65 protein levels in the model
group as compared to the blank group (P < 0.05), while
these levels were significantly reduced relative to model
rats in colon samples from the medium- and high-dose
SLGP groups and the metformin group (Figure 4, P <
0.05).

4. Discussion

GDM is a metabolic disorder that frequently arises
during pregnancy, exposing both the mother and
fetus to substantial health risks. Women diagnosed
with GDM also face an elevated risk of subsequently
developing postpartum diabetes and cardiovascular

Table 4. The impact of SLGP on inflammatory factors related to the intestinal barrier in rats (x s, n =8)

Groups n CRP/ng-mL" IL-6/pg-mL" IL-1p/pg-mL" TGF-p/pg-L" TNF-a/ng-L" LPS/ng-L"
Normal 8 262.45+17.877 4255+16.717 75.88+37.77" 3081 +11.467 159.37+43.08"  37.89+5.97"
GDM 8 32625+31.81  88.57+11.55 217.48 £41.73 5524+19.38 25433 +84.96 58.26 + 11.56
Low-dose SLGP 8 284.36+45.45" 30.79+22.697 139.34+62.27 31.78 £ 13.44"  210.62 + 59.41 4241 +11.24"
Medium-dose SLGP 8 267.09£24.45" 2446+1425" 130.06+72.32°  35.034+14.09° 16327+23.937  43.58+6.33"
High-dose SLGP 8  27450+40.097 3926+15.18" 114.63+4136°  32.03+56.68  16820+24.85  43.99+7.41"
Metformin 8 271.175+20.96" 34.59+2336" 141.07+58.72 38.47+19.60  211.25+58.21 38.68 £ 4.49"”

"P<0.05vs. GDM; “P<0.01 vs. GDM.
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Table 5. The impact of SLGP on signaling pathway

molecules in GDM model rats (x £ s, n=8)

Groups n  TLR4/ng':mL"  p-NF-«kBp65/pg-mL”
Normal 8  0.88+0.10° 177.15+70.85"
GDM 8 1.15+0.08 267.23 £82.00
Low-dose SLGP 8 0.95+0.26 227.50 £32.08
Medium-dose SLGP 8 0.84+0.19" 183.39 + 54.98"
High-dose SLGP 8 0.99 +0.19 223.90 +28.37
Metformin 8 1.27+0.17 296.95+77.15

P <0.05 vs. GDM; "P<0.01 vs. GDM.

Normal

diseases, while their infants are also more likely to
develop complications including macrosomia, neonatal
hypoglycemia, and respiratory distress syndrome (/8,19),
and they may also develop long-term health issues
including childhood obesity and cardiovascular diseases
when they reach adulthood (20,27). Insulin resistance is
a hallmark of GDM and a key driver of the pathogenesis
of this condition (22). A variety of complex interactions
between environmental, inflammatory, and genetic
factors underlie GDM development (23,24). The gut

Metformin

Figure 3. The impact of SLGP on colon tissue pathology in rats ( H&E, 100x ).
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Figure 4. Colon tissue TLR4 and p-NF-kB p6S protein levels in different groups as detected by Western immunoblotting. Data are means
+ SD and were compared with one-way ANOVAs and Tukey's post hoc test. P < 0.05 vs. GDM group. (A) TLR4, p-NF-xB p65, and GAPDH
were detected by Western immunoblotting. (B, C) Statistical analyses of TLR4/GAPDH (B) and p-NF-«B p65/GAPDH (C) levels.
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microbiome and dysfunction of the intestinal barrier layer
have both been demonstrated to be closely associated
with GDM onset (25,26). Moreover, hyperglycemia
has been shown to exert detrimental effects on the
intestinal barrier function. The intestinal barrier is
crucial for maintaining homeostasis and preventing the
translocation of potentially harmful substances from
the gut lumen into the circulation. Under high glucose
conditions, the intestinal epithelial cells can undergo
changes that compromise the integrity of tight junctions
and adherens junctions, leading to increased intestinal
permeability (27). Furthermore, hyperglycemia has been
associated with an increase in the risk of enteric infection
by compromising the intestinal barrier's ability to control
microbial translocation. This was demonstrated in a
study where hyperglycemia was shown to drive intestinal
barrier dysfunction and risk for enteric infection,
potentially leading to a vicious cycle of inflammation
and further impairment of barrier function (28). Under
physiological conditions, the intestinal barrier functions
as a key boundary interface between the host and the
lumen of the gut which is vital to the maintenance of
systemic homeostasis (29).

Our network pharmacology analysis precisely
identified a select group of target genes pivotal to
inflammatory pathways in GDM, including /L6, TNF,
and IL1p, represents the cornerstone of the inflammatory
response, with well-established roles in immune
regulation and pro-inflammatory cytokine production.
Furthermore, GDM has been proposed to be related to
intestinal mucosal damage that leads to LPS leakage
into systemic circulation as a consequence of greater
intestinal permeability (30-32). This, in turn, triggers
inflammatory signaling mediated by TLR4 and other
pattern recognition receptors, driving NF-kB pathway
activation that culminates in pro-inflammatory cytokine
production and the onset and/or exacerbation of insulin
resistance (33,34).

The gut microflora comprises a complex
microecological system that is integral to the control
of host immunity and metabolic function. Intestinal
dysbiosis has been linked to GDM in the past. Gut
microbiota disruptions can affect metabolite and
signaling molecule production, thereby compromising
the integrity of the intestinal barrier and giving rise to
systemic inflammatory activity (35,36). The restoration
of gut microbiota homeostasis may thus be an effective
and novel approach to GDM management (3 7-40).

In this study, a rat model of GDM was employed to
study how SLGP affects intestinal barrier inflammation
and TLR4/NF-kB pathway signaling. In prior studies, we
have found that SLGP offers promise owing to its ability
to modulate the composition of the gut microbiome and
to improve glycometabolic activity in GDM model rats,
possibly through its effects on TLR4/NF-kB signaling
induced by LPS. In this study, the precise underlying
mechanisms whereby SLGP can treat GDM were

explored at length, focusing in particular on TLR4/NF-
kB signaling. These analyses ultimately suggest that
SLGP can inhibit the stimulatory effects of LPS, thereby
helping to reduce inflammation and insulin resistance.
Together, these findings suggest that SLGP is capable of
enhancing the degree of glycemic control in GDM model
rats through the alleviation of inflammation and insulin
resistance.

These results suggest that SLGP treatment can
strengthen the intestinal barrier in GDM model rats, as
evidenced by observed histopathological improvements
in the colon tissues from these SLGP-treated rats. These
improvements in barrier integrity may help mitigate LPS
translocation across the compromised barrier interface.
Consistent with such a model, TLR4 and p-NF-«kB p65
protein levels were reduced by SLGP treatment with a
concomitant reduction in inflammatory factor expression
consistent with the suppression of the inflammatory
response.

While this study underscores the promising
therapeutic utility of SLGP as an approach to GDM
management, there are certain limitations to this
therapeutic strategy. Firstly, there is a lack of research
on the effect of STZ on intestinal barrier, so it is not
clear whether STZ has an effect on intestinal barrier.
Secondly, the GDM modeling, which induced by STZ,
involves the destruction of pancreatic B-cells, results in
a form of diabetes that is more akin to type 1 diabetes
rather than GDM, which is primarily characterized
by insulin resistance during pregnancy. Thirdly, most
studies of the efficacy of SLGP-based management of
GDM to date have been conducted in animal model
systems, while clinical data availability remains limited.
Further clinical trials are thus warranted to inform
patient treatment. Accordingly, future studies will center
on the implementation of large-scale, multi-center,
randomized controlled clinical trials based on the present
results in order to help bridge the gap between basic
preclinical research and clinical utility. This strategy will
ultimately help provide an evidence-based foundation
for the management of GDM using traditional Chinese
medicine.

In summary, these results suggest that SLGP may
offer value as a treatment for GDM through its ability to
suppress TLR4/NF-kB pathway activity and to restore
the integrity and function of the intestinal barrier.
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SUMMARY

Keywords

The effect of increasing corticosteroid doses on clinical outcomes and chest findings in patients
with coronavirus disease (COVID-19) pneumonia and lung disease remains unknown. We aimed
to investigate the effects of increasing steroid dosage on chest lesion area and clinical outcomes in
patients with moderate or severe COVID-19 and progressive lung involvement on chest computed
tomography (CT). A total of 105 patients with radiological progression during methylprednisolone
(MP) therapy either received an increased MP dose (7 = 79) or were maintained on the same MP dose
(n = 26). These patients were divided into dose-increment and no-change groups according to the MP
dose adjustment strategy. Clinical features, changes in CT severity scores within 7 days after steroid
adjustment, and outcomes were compared between the groups. Six (7.6%) and one (3.8%) patients
in the dose-increment and no-change groups, respectively, had increasing World Health Organization
outcome scores 96 h after MP adjustment (P = 0.678). Length of stay [15 days (IQR: 10-24) vs.
14 days (IQR: 10-25); P = 0.994] and in-hospital death rate (7.6% vs. 3.8%; P = 0.678) showed no
significant differences between the groups. Logistic regression analyses revealed that an increased MP
dose was significantly associated with improvement in CT lesion area compared with no change in
MP dose, but the CT lesions deteriorated subsequently (79.7% vs. 53.8%, P = 0.044). In conclusion,
increasing the MP dose in patients with worsening CT findings ameliorates CT lesions but fails to
prevent serious adverse outcomes.

coronavirus disease pneumonia, corticosteroid dosage adjustment, outcome, chest CT deterioration

1. Introduction

The coronavirus disease 2019 (COVID-19) epidemic,
caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), in China occurred in December 2019
(7). Antiviral agents (2), immunomodulators (3,4), and
antithrombotic drugs (5,6) are alternative agents for
heterogeneous patients hospitalized for COVID-19
pneumonia.

Corticosteroids are strong anti-inflammatory drugs
used to treat various types of pneumonia, such as
influenza and SARS. These drugs were recommended
for patients with COVID-19 requiring oxygen
supplementation in management guidelines, mainly
according to the results of the RECOVERY trial (a
randomized, controlled, open-label platform trial, named
Randomised Evaluation of COVID-19 Therapy) (7-9). In
this clinical trial, the dose and duration of dexamethasone
administration (6 mg/day for 10 days) were based on
previous experience of safely using corticosteroids

for asthma and chronic obstructive pulmonary disease
(10,11). Only patients requiring oxygen supplementation
had slightly decreased all-cause mortality in hospitals.
The influence of corticosteroid treatment on clinical
symptoms and lung lesions remains unknown, but it
is correlated with the severity of illness and mortality
(12-14). Moreover, the optimal dose and duration of
corticosteroid therapy have not yet been determined,
especially in patients with worsening clinical symptoms
or lung lesions.

The RECOVERY trial also assessed the benefit of
high- and low-dose dexamethasone administration in
patients requiring respiratory support (/5). This study
showed that higher doses of corticosteroids significantly
increased the risk of death compared with low doses
of corticosteroids. Taboada et al. (16) showed that
treatment with a high dose of dexamethasone reduced
clinical worsening, including an increased need for
FiO, or a score > 4 on the 10-point World Health
Organization (WHO) Clinical Progression Scale (/7).
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Patients with COVID-19 require oxygen therapy.
However, some studies that used intravenous pulses of
methylprednisolone (MP) to treat adults with severe
COVID-19 pneumonia showed no decrease in mortality
or intubation rate (/8).

Most studies have focused on investigating the effects
of different corticosteroid doses on hypoxic patients by
recording the need for oxygen therapy, time free from
invasive mechanical ventilation, and mortality. However,
the effects of corticosteroid dose adjustment remain
undetermined in patients who already received steroid
treatment and have aggressive hypoxia or an increased
number of lung lesions. The pooled prevalence was 90%
for chest computed tomographyn (CT) abnormalities
in COVID-19 cases (/9), with ground-glass opacity,
consolidation, septal thickening, crazy-paving pattern,
and fibrosis. Chest CT is a potential tool in the diagnosis
and prognostication of COVID-19 (/2,14,20), and the
CT severity score is a predictor of mortality and short-
term prognosis in these cases (27,22). Steroids are
thought to reduce pulmonary inflammation in severe
pneumonia. However, the effect of steroid treatment to
the CT lesions in refractory is undetectable. Here, we
aimed to investigate the effects of increasing steroid dose
on chest lesion areas and clinical outcomes in patients
with moderate or severe COVID-19 and progressive lung
involvement on chest CT.

2. Patients and Methods

2.1. Study design

This retrospective clinical cohort study was designed to
evaluate the effects of different steroid dose adjustment
strategies in patients hospitalized for COVID-19 at
Zhongshan Hospital, Fudan University in Shanghai,
China.

2.2. Participants

Hospitalized patients were enrolled if they were aged
>18 years, tested positive for SARS-CoV-2 through
real-time polymerase chain reaction, were antigen-
positive, had clinically suspected COVID-19 as
judged by two experienced attending physicians, had
pneumonia, and received corticosteroids between
December 14, 2022, and January 26, 2023. The
exclusion criteria were failure to undergo chest
radiology testing after MP therapy, MP dose reduction
after radiological progression, and no radiological
progression. The specific inclusion and exclusion
criteria are shown in the flowchart (Figure 1).

All patients admitted to our department had moderate
or severe illness. Severe illness was defined as SpO, <
93%, PaO,/FiO, ratio < 300, respiratory rate > 30 breaths
per min, or > 50% lung involvement on chest CT. All
patients received standard care, including nirmatelvir/
ritonavir (paxlovid) and anticoagulant therapy,
according to the current guidelines or evidence at the
time of admission. Patients with pneumonia were also
administered corticosteroids. Other immunomodulators
were rarely used.

All patients underwent chest radiology examinations

COVID-19 pneumonia admissions from Dec
14, 2022 to January 23, 2023 (n = 319)

Patients with MP treatment during
hospitalization (n = 304)

Lost to chest CT follow up before MP dose
adjustment:

Death before radiological valuation (n = 10)
Fail to have chest images follow-up before
MP dose adjustment (n = 27)

Chest radiology follow-up before MP dosage
adjustment (n=267)

G—|—¥

X ray follow-up(n = 5)

Chest CT (n = 262)

Chest CT lesion areas similar or
smaller compared with those before
dose adjustment (n = 160);

Chest lesions progression (n = 105)

5 patients died

]

Y

Patients who received
increased MP dose (n = 79)

X-ray follow up (n = 4)

Fail to have chest CT follow-up (n = 3)
CT follow up more than 7 days after MP  f«t—]
adjustment (n=3)

Patients who received
unchanged MP dose (n = 26)

MP dose increment with CT
follow up (n = 69)

Unchanged MP dose with CT
follow up (n = 26)

Figure 1. Flow chart.
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upon admission and during MP treatment. Progression
was defined as Iung lesions on chest radiography or CT
more than 3 days after MP treatment that were larger
than those at admission.

Demographic information, baseline clinical
characteristics, complications, and laboratory test
results at baseline and follow-up were obtained from
the electronic medical records of the patients. Clinical
progression was defined as an increase in the level
of oxygen supplementation or large chest CT lesions
compared with previous ones.

Written informed consent was obtained from all
patients before participation in the study. The study was
approved by Clinical Research Ethics Committee of
Zhongshan Hospital, Fudan University (approval No.:
B2023-018).

2.3. CT examination and image evaluation

CT scanning was performed on a 320-slice CT scanner
(uCT960+; Shanghai United Imaging Healthcare,
Shanghai, China). The CT parameters were as follows:
120 kVp; 300 mAs; detector collimation, 160 x 0.5;
pitch, 1.0938; rotation time, 0.5 s; matrix size, 1024 x
1024; field of view, 350 mm; and slice thickness, 1.0
mm, covering the scanning range from the lung apices to
the bases.

Most patients underwent chest radiology on
admission and every 3-7 days during MP treatment.
Two experienced respiratory physicians (with 28 and
22 years of experience), who were blinded to the
clinical data, scored and compared the CT findings in
consensus. The CT lesions are described using ground-
glass opacity, consolidation, patchy consolidation,
fibrosis, irregular solid nodules, and interlobular
septal thickening (23). Meanwhile, the abnormalities
including mucoid impactions, focal consolidation,
and cavity suggesting bacterial or fungi infection
were excluded. The comparison results were divided
into three types according to the changes in the lesion
area between two adjacent CT images as follows:
improvement, no change, and progression. To quantify
the extent of lesions, a scoring system was used to
assess the abnormal areas. Each of the five lung lobes
was scored on a scale of 0 to 5: 0, no involvement; 1,
< 5% involvement; 2, 5%—25% involvement; 3, 26%—
49% involvement; 4, 50%—75% involvement; and 5, >
75% involvement. Each lobe had a score of 0-5, with a
total possible score of 0-25 (24).

2.4. Corticosteroid administration

The most common type of steroid was MP; the doses
of other types of steroids, such as dexamethasone,
were equivalently converted to those of MP. The
enrolled participants received MP therapy before or
upon admission. The initial dosage was 40—80 mg

administered through intravenous injection per day for
10 days, as determined by an experienced physician
according to age, complications, hypoxic condition, risk
factors, and CT lesion area. Furthermore, the clinicians
adjusted the MP dose according to changes in the need
for oxygen, breathing rate, symptoms, or CT lesions.
Clinical worsening is the worsening of patient condition
(increasing need for oxygen and increasing breath rates).
The clinicians adjusted the MP dose in patients with
clinical worsening or progression of chest CT lesions by
increasing the dose by 2040 mg per day or maintaining
the same daily dosage.

2.5. Outcome measures

The primary outcomes of the study were WHO outcome
score (WHO Clinical Progression Scale) > 6, length
of stay, and in-hospital mortality rate after disease
progression (clinical worsening or CT lesion aggression).
The WHO outcome scores were assessed for pneumonia
aggression 96 h after MP adjustment. This score is
based on the level of ventilation required in hospitalized
patients, with scores ranging from 4 to 10 (4, room air;
5, oxygen supplementation required; 6, noninvasive
positive pressure ventilation usage; 7-9, needing
endotracheal intubation; and 10, death). The secondary
outcomes of the study were improvement in lung lesion
area, reduction in CT severity score within 7 days after
MP dose adjustment, and lung lesion reduction, as
determined by clinicians.

2.6. Statistical analysis

Categorical data are described using absolute number
and percentage, and continuous data are expressed
as median (interquartile range [IQR], 25th—75th
percentiles), depending on the normality of distribution.
Chi-square, Fisher's exact, and Wilcoxon tests were
used to measure differences in variables, where
appropriate.

The sample size was 69 in group 1 and 26 in
group 2, which achieved 77.364% power to result in
an odds ratio of the group proportions of 0.297. The
proportion in group 1 (treatment group) was assumed to
be 0.7530 under the null hypothesis and 0.4752 under
the alternative hypothesis. The proportion in group 2
(control group) was 0.7530. The test used was the two-
sided Z-Test with unpooled variance. The significance
level of the test was 0.05.

A logistic regression model was used to explore the
association between the improvement in lung lesions
after MP adjustment and the varieties. Multivariate
analysis was performed using a multiple logistic
regression model that included possible biological
variables and varieties at P < 0.1. Significance was set
at P < 0.05, and all tests were two-tailed. Data analyses
were performed using SPSS version 25.0.
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3. Results

We consecutively included 319 patients with COVID-19
pneumonia; their baseline characteristics are listed
in Table S1 (https://www.ddtjournal.com/action/
getSupplementalData.php?ID=232). The median age
was 72 (IQR, 66-82) years; 192 patients (60.2%) were >
70 years, and 207 (64.9%) were men. The most common
complications were hypertension (59.2%), diabetes
mellitus (35.1%), cardiovascular disease (25.7%),
malignancy (15.9%), and chronic kidney disease (14.4%).
A total of 144 (44.2%) patients had severe illness and
128 (40.1%) had PaO,/FiO, < 300% on admission. A
total of 304 patients who were administered MP therapy
were enrolled. The median number of days from onset to
initial steroid use was 8 (IQR, 6-10) and the number of
days of MP use (> 20 mg per days) was 11 (IQR 7.16).

Finally, 105 patients with aggressive lung lesions
were enrolled; 79 patients received MP dose increments
and 26 received an unchanged dose of MP. Table 1 lists
the clinical features of the two groups. No significant
differences were observed between the groups in terms
of age, sex, or comorbidities. The median daily dose of
MP before MP adjustment was 40 mg (40, 60) in the
dose-increment group and 58 mg (51, 92) in the no-
change group (P < 0.001). The number of days from
onset to MP adjustment did not differ between the groups
[9 (IQR 7-14) days vs. 7 (IQR 7-13) days; P = 0.343].

3.1. Laboratory findings

The laboratory findings on admission and before MP
adjustment are shown in Table 1. Baseline laboratory
test results, such as lymphopenia and C-reactive protein
(CRP), lactate dehydrogenase, and D-dimer levels, did
not differ between the groups. The median oxygen index
on admission in the dose-increment group was lower
than that in the other group [28.5% (IQR, 230-371) vs.
33.6% (IQR, 275-403); P = 0.105]. The CRP level was
tested when the radiological results worsened in the dose-
increment group, and it was significantly higher than that
in no-change group [3.2 (5.3-47.6) vs. 8.15 (2.5-19.1); P
=0.029].

3.2. Clinical outcomes

The clinical outcomes are shown in Table 1. We found
that 87.3% and 96.2% patients had a WHO outcome
score of < 6 in the dose-increment and no-change groups,
respectively (P = 0.285). Notably, 12.6% of the patients
in the dose-increment group had a WHO outcome score
of 6 (need high flow or noninvasive ventilation), which
was higher than that in the no-change group (3.8%). The
dynamics of the WHO scores after MP dose adjustment
in the two groups are shown in Figure 2.

Six of the seventy-nine patients in the dose-increment
group and one of the twenty-six patients in the no-

change group showed increasing WHO outcome scores
96 h after MP adjustment (P = 0.678). In-hospital death
occurred in six (7.6%) patients in the dose-increment
group and in one (3.8%) patient in the no-change group
(P = 0.180). Two (2.5%) of the seventy-nine patients in
the dose-increment group received invasive mechanical
ventilation, whereas none in the other group received
the same. The median time to hospital discharge was 15
days (IQR, 10-24 days) in the dose-increment group and
14 days (IQR, 10-25 days) in the no-change group (P =
0.994) (Figure 3).

3.3. Series chest CT assessment results

Eventually, 95 patients underwent follow-up chest
CT 7 days after CT radiological progression. Clinical
features and chest CT score changes are shown
in Table S2 (https://www.ddtjournal.com/action/
getSupplementalData.php?ID=232). The median CT
score on MP dose adjustment was 10.5 (IQR, 7.8-16.0)
in the dose-increment group and 10.5 (IQR, 7.8-16.0) in
the no-change group (P = 0.952).

Chest CT scanning was conducted before and after
MP dose adjustment at an interval of 4 (IQR, 3-5) days
in the dose-increment group and 4.5 (IQR: 4-5) days in
the no-change group (P = 0.03). The CT score changes
in the two groups are shown in Figures 4A-4C. We
found that 52/69 (75.3%) patients in the dose-increment
group and 14/26 (53.8%) patients in the no-change group
showed CT score reductions (P = 0.042). Meanwhile,
55/69 (79.7%) patients in the dose-increment group and
14/26 (53.8%) in the no-change group showed CT lesion
area reductions (P = 0.012).

The univariate analysis showed that the time between
CT scans and MP dose increment significantly correlated
with CT lesion reduction after MP dose adjustment
(Table S3, https://www.ddtjournal.com/action/
getSupplementalData.php?ID=232). The multivariate
logistic regression analysis was performed using the CT
area reduction and variables including severe illness,
immunosuppression, CT scores at MP dose adjustment,
time between CT scans, and MP dose increment. The
results showed that patients who received increasing MP
doses had a proportional benefit in lung involvement
reduction compared with patients in the no-change group
(odds ratio, 4.235; 95% confidence interval, 1.141-
15.718; P=0.031) (Figure 5).

4. Discussion

Treatment with higher doses of steroids decreases
clinical worsening, and it may be associated with a
significant reduction in mortality (/6,25,26). However,
the efficacy of current steroid dose modulation methods
is yet to be demonstrated in patients with lung imaging
deterioration who have already received corticosteroids.
In this retrospective cohort study involving 105 patients
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Table 1. Comparison of clinical characteristics and primary outcomes between groups

No. total

MP increasing group

MP no-change group

(n=105) (n="79) (n=26) P value

Age (years) 74 (67, 81) 72 (67, 81) 76 (69, 83) 0.286

Sex (male) 68 (64.8) 51(64.5) 17 (65.4) 0.939

Days from onset to MP dose adjustment (> 14 days) 46 (43.8) 34 (43.0) 12 (46.2) 0.822

Severity on admission 0.823
Moderate 47 (44.8) 36 (45.6) 11 (42.3)

Severe 58(55.2) 43 (54.4) 15 (57.7)

WHO outcome score on MP adjustment 0.285
<6 94 (89.5) 69 (87.3) 25 (96.2)
>6 11 (10.5) 10 (12.7) 1(3.8)

Diabetes mellitus 39(37.1) 30 (38.0) 9(34.6) 0.758

Hypertension 26 (24.8) 20(25.3) 6(23.1) 0.818

Malignancy 69 (65.7) 54 (68.4) 15 (57.7) 0.32

Cardiovascular disease 30 (28.6) 21 (26.6) 9 (34.6) 0.432

Chronic kidney disease 13 (12.4) 9(11.4) 4(15.4) 0.732

Chronic lung disease 12 (11.4) 7(8.9) 5(19.2) 0.149

Immunosuppression 10 (9.5) 7(8.9) 3 (11.5) 0.706

Mean dose of daily MP before adjustment (mg) 49 (40, 64) 40 (40,60) 58 (51,92) 0.001

Days from onset to MP dose adjustment 13 (10, 17) 13 (10,17) 11.5(9.8,17.5) 0.964

Days from onset to admission 8 (7, 14) 9(7,14) 7(6.5,12.5) 0.343

Oxygen index on admission 295 (241, 379) 285(230,371) 336 (275,403) 0.105

CT score at adjustment 11 (7, 16) 11(7,17) 10.5 (7.8,16.0) 0.952

Laboratory data on admission

lymphocyte count (x10°/L) 0.7 (0.4, 1.0) 0.7 (0.5,1) 0.7 (0.4,0.9) 0.472
<1x10°L 77 (73.3) 57(72.2) 20 (76.9) 0.633
>1x10/L 28 (26.7) 22(27.8) 6(23.1)

Platelet count (x10°/L) 163 (117.5,222.5) 167 (122,228) 157 (109,208) 0.598

CD4 count (cell/uL) 209 (131, 313.5) 221 (131,350) 205 (105,252) 0.266
<400 (cell/pL) 73 (79.3) 55(77.5) 18 (85.7) 0.547
>400 (cell/uL) 19 (20.7) 16 (22.5) 3(14.3)

D-dimer (mg/L) 0.7 (0.4, 1.7) 0.7 (0.4,1.6) 0.8 (0.4,2.5) 0.456
<1 mg/L 70 (66.7) 54 (68.4) 16 (61.5) 0.522
>1mg/L 35(33.3) 25 (31.6) 10 (38.5)

Procalcitonin (ng/mL) 0.1 (0.06, 0.16) 0.09 (0.06,0.15) 0.13 (0.08,0.345) 0.056

Serum lactate dehydrogenase (U/L) 289 (227, 344) 286 (223,345) 297 (256,354) 0.173
<245 30(29.7) 24 (31.6) 6(24.0) 0.472
>245 71 (70.3) 52 (68.4) 19 (76.0)

Serum albumin (gL) 36 (33, 40) 37 (33,40) 36 (33.5,40) 0.849
<30 (g/L) 8(7.8) 7 (9.0) 1(4.0) 0.676
>30 (g/L) 95(92.2) 71 (91.0) 24 (94.0)

C-reaction protein (mg/L)
<40 (mg/L) 39(37.5) 28 (35.9) 11 (42.3) 0.559
>40 (mg/L) 65 (62.5) 50 (64.1) 15 (57.7)

Clycosylated hemoglobin (%) 6.3(5.9,7.1) 6.3 (5.9,6.9) 6.2 (5.9,7.35) 0.97

Interleukin 1 (pg/mL) 5(,5) 5(5,5) 5(5,5) 0.512

Interleukin 2 (pg/mL) 721 (525, 1007) 735 (545,1023.5) 707 (497,928) 0.507

Interleukin 6 (pg/mL) 7.6 (3.6, 21.6) 7.3 (3.8,16.1) 8.33(3,33.3) 0.528

Interleukin 8 (pg/mL) 21 (10, 46) 21 (11,44) 21 (8,55) 0.561

Interleukin 10 (pg/mL) 6(5,11) 5.4 (5,10.7) 7(5,17.2) 0.343

Laboratory data before MP adjustment

lymphocyte count (x10°/L) 0.7 (0.5, 0.9) 0.7 (0.5,1.0) 0.6 (0.4,0.8) 0.105
<1x10°L 72 (76.6) 50 (73.5) 22 (84.6) 0.292
>1x10/L 22 (23.4) 18 (26.5) 4(15.4)

D-dimer (mg/L) 0.86 (0.45, 1.705) 0.91 (0.43,1.73) 0.81(0.485,1.485) 0.806
<1mg/L 49 (53.3) 35(52.2) 14 (56.0) 0.748
>1mg/L 43 (46.7) 32 (47.8) 11 (44.0)

Serum lactate dehydrogenase (U/L) 290 (230, 359) 287 (220,362) 304 (242.75,339.75) 0.738

Procalcitonin (ng/mL) 0.07 (0.05, 0.1) 0.07 (0.05,0.1) 0.07 (0.04,0.1) 0.628

C-reaction protein (mg/L) 13.6 (4.5, 38.6) 23.2 (5.3,47.6) 8.15(2.5,19.1) 0.029
<40 (mg/L) 72 (75.5) 47 (69.1) 25 (96.2) 0.005
>40 (mg/L) 22 (23.4) 21(30.9) 1(3.8)

Interleukin 1 (pg/mL) 5(5,5) 5(5,5) 5(5,9) 0.182

Interleukin 2 (pg/mL) 737.5 (514.8, 1060.8) 738 (512.5,1064.5) 618 (439.5,803.5) 0.308

Interleukin 6 (pg/mL) 3.7(2,7.7) 3.8(2.1,10.1) 3.2(2,5.45) 0.299

Interleukin 8 (pg/mL) 21.0(12.5,49.5) 22(12,39.5) 19 (13,91.5) 0.935

Interleukin 10 (pg/mL) 5.0 (5.0,6.7) 15 (10,24) 5(5,8.05) 0.797

Noninvasive ventilation or high flow treatment 14 (13.3) 5(5,6.75) 1(3.8) 0.18
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Table 1. Comparison of clinical characteristics and primary outcomes between groups (continued)

No. total

MP increasing group ~ MP no-change group

(n=105) (n=19) (n=26) P value
Mechanical ventilation requirement 2(1.9) 2(2.5) 0 1
Admission to ICU 2(1.9) 2 (2.5) 0
Length of stay 15 (10, 24) 15 (10,24) 14 (10,25) 0.994
In-hospital death 7(6.7) 6 (7.6) 1(3.8) 0.678
WHO score increment 96 h after adjustment 7(6.7) 6 (7.6) 1(3.8) 0.678
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Figure 2. WHO outcome score proportion and dynamics between
the groups. Light bar represents the MP dose-increment group; dark
bar represents the no-change group. The three sets of bars show the
dynamics of WHO outcome score components before and after MP
dose adjustment.

with COVID-19 with aggressive chest imaging when
using steroids, increasing the MP dose was an efficient
method for improving lung involvement compared
with an unchanged MP dose. Our study provides
evidence that MP dose increments prevent radiological
progression in patients with deteriorated lung lesions.
In our hospital, most participants were older individuals
with complications and were at a high risk of progressing
to more severe or critical illness. Thus, steroids were
the routine therapeutic agents for high-risk patients with
moderate-to-severe COVID-19 pneumonia.

We selected MP as the corticosteroid for this study
because it has a faster effect and a better penetration
in the lung tissue than dexamethasone (27). The initial
MP dosage in the present study was 40—80 mg per day,
depending on the illness severity and severe disease
risk. One-third of the patients showed lung lesion
deterioration during MP treatment and may have been
resistant to steroids (defined as refractory disease) (28).
This may be due to the low expression of glucocorticoid
receptors in these patients. A previous study showed that
patients with COVID-19 with high NR3C1 expression
showed a clinical response to corticosteroids (29).

Apparently, the beneficial effect of steroid therapy in
patients with COVID-19 depends on the selection of the

Figure 3. Length of stay in the MP dose-increment and no-change
groups.

appropriate dose in patients with illness at different levels
of severity. A previous study reported that intravenous
MP pulse therapy might be beneficial in critically ill
patients with acute COVID-19 (30). In patients with
severe disease, pulsed MP treatment failed to decrease
the mortality or intubation rate (/8). These pulsed-
dose therapies have unclear benefits and may slow the
clearance of viral RNA and promote further infections
(31,32). Herein, we propose a steroid treatment strategy
in which MP dose is specifically adjusted according to
lung involvement to deliver the drug at the right dose
to optimize patient benefits. Increasing the MP dose
by 2040 mg per day in patients with COVID-19 with
lung lesion deterioration was found to be an effective
approach for preventing severe lung lesions.

The rate of CT score reduction before and after
the MP dose increment was considerable higher than
that in the no-change group. Notably, the sensitivity of
CT lesion improvement after MP dose adjustment, as
determined by physicians, was higher than that among
the CT scoring systems. The reason of this discrepancy
may be the area reduction ranging from 1% to 44% for
every increase in score of 1 according to the chest CT
scoring system. Finally, we selected the lung lesion area
reduction as determined by physicians as the secondary
outcome and investigated the factors related to this
outcome.

Although an increase in the MP dose improved
lung involvement in patients, it failed to decrease the
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Figure 4. CT score dynamics during MP therapy. A. Chest CT score changes after MP dose adjustment. CT score reduction percentage in the
dose-increment group was higher than that in the no-change group. Orange and purple bars represent CT score changes in the dose-increment and no-
change groups, respectively. CT score changes showed no significant differences between the groups. B. Violin plot showing chest scores between
the groups at pre-MP dose adjustment, increasing dose, and post-MP dose adjustment time points. ns, no significant difference between groups. C.
Spaghetti plot showing CT scores at three time points for 95 patients with available data. Lines connect measurements for individual patients.

Adjusted OR(95%CI) p value

Clinical features

Age (>70y) 1. 454(0. 445-4. 755) 0.535

Sex (male) 1. 338(0. 364-4. 92) 0. 662

Days from onset to MP adjustment 0.974(0. 888-1. 068) 0.57

WHO outcome scores(=6) 7.105(0. 371-136. 242) 0.193

Diabetes mellitus 3.616(0. 982-13. 307) 0.053
Hypertension 1. 213/0. 254-5. 795) 0. 808
Malignancy 0. 352(0. 089-1. 391) 0. 136
Cardiovascular disease 0. 791 (0. 206-3. 039) 0.733

Chronic kidney disease 0.649(0. 121-3. 487) 0.615

Chronic lung disease 0.424(0. 077-2. 319) 0. 322

Illness Severity(moderate)* 0.539(0. 131-2. 222) 0. 393 -
Immunosuppression 0. 402 (0. 069-2. 351) 0.312 —
Mean dose of every MP before adjustment 1.01(0.987-1.033) 0. 397

MP dose increasing 4,235(1. 141-15. 718) 0.031 —
Chest CT lesion evaluation

CT score at PM dose adjustment* 0. 882(0. 751-1. 035) 0.123

Time between CT scans conducted* 0.767(0. 503-1. 169) 0.217 "

—r 1 1 1 1
5 0 5 10 15 20
0dd ratio(95% CI)

Figure S. Factors related to CT lesion reduction after MP dose adjustment in patients with COVID-19 with radiological progression.
Univariate and multivariate logistic analyses of clinical and CT features of improved lung lesions in non-ICU patients with pneumonia. *factors
with P < 0.2 in the univariate analysis. Odds ratios are plotted as squares, and the size of each square is proportional to the amount of statistical
information available. The horizontal lines represent the 95% confidence intervals.

mortality rate in the current study, which is consistent disease. We hypothesized that the mortality rate in the

with the findings of a previous study (33). However, group that received MP dose adjustment will be low.
unlike previous studies, we investigated the effect of However, our results contradicted this hypothesis. The
MP dose increment in patients with steroid refractory main reason for this similar mortality rate may be the
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larger proportion of patients with WHO outcome score >
6 in the dose-increment group. The WHO outcome score
and serum CRP level at the adjustment stage in the dose-
increment group were considerably higher than those in
the no-change group. These parameters are associated
with increased mortality and exacerbation of COVID-19
(34,35).

Even though patients in the dose-increment group
did not show significantly lower mortality rates than
those in the no-change group, treatment with a higher
dose of steroids for at least 10 days significantly
reduced mortality in patients with COVID-19, as
reported by Taboada et al. (16) . Further studies should
directly investigate the outcomes in a large number of
patients with COVID-19 controlled for the same risk
factors.

This study had a few limitations. First, because of
the small number of aggressive CT patients and the low
mortality rate, the mortality rate among the groups was
not significantly different. Therefore, we did not conduct
Cox regression analysis. Studies with larger cohorts
are required. Furthermore, this was an observational
study influenced by factors such as the various times
of initial MP dosing from onset and loss to CT follow-
up. Such factors may have had confounding effects
on the outcomes. Finally, we did not follow-up for the
effect after discharge among the survivors. Despite these
limitations, our study provides a feasible strategy for
optimizing steroid therapy in patients with COVID-19
who are not in the ICU.

In conclusion, we demonstrated a strategy for
preventing the progression of lung lesions by increasing
steroid doses in patients with COVID-19 with refractory
pneumonia. We reported the performance of patients
with deterioration of lung involvement to demonstrate
that our approach may be a remedial measure in
refractory patients already using steroids. Treatment
may not have been associated with mortality in our
patient cohort. This study presents real-life data on the
personalized adjustment of steroid doses in patients
with COVID-19. A more precise dose adjustment of
steroids should be considered in future prospective
and larger studies in patients with high risk of illness
worsening.
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Acupuncture and Bushen Quyu decoction improved endometrial
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SUMMARY  Acupuncture and traditional Chinese medicine (TCM) have shown certain benefits in assisted in
vitro fertilization and embryo transfer (IVF-ET). In this study, we evaluated the efficacy and safety
of the combination of acupuncture combined with the Bushen Quyu decoction in patients with
failures of IVF-ET. This study was conducted at Shanghai Yangpu District Hospital of TCM from
May to November of 2021. Patients with failed IVF-ET received either combined therapy or the
routine procedure (control group). The main outcomes were implantation rate and clinical pregnancy
rate. Radioimmunoassay was used to detect serum levels of estradiol (E2) and progesterone on the
day of injection of human chorionic gonadotropin (hCG). The endometrial thickness, resistance
index (RI), and pulsatility index (PI) of bilateral uterine arteries were measured by color Doppler
ultrasound. Safety was assessed in all participants. After 3 months of treatment, the implantation rate
(61.9% vs. 47.7%, P = 0.187) and clinical pregnancy rate (52.4% vs. 36.4%, P = 0.135) of patients
with IVF-ET failure receiving acupuncture therapy combined with Bushen Quyu decoction appeared
to be higher than those of the routine procedure group, although the increase was not statistically
significant. However, the serum E2 level and endometrial thickness of patients in the combined
therapy group increased significantly than those of the control group after hCG injection. The RI
and PI values of bilateral uterine arteries in the combined therapy group were significantly lower
than those in the control group after hCG injection. No difference of adverse events was observed
between combined therapy group and control group (11.9% vs. 11.36%, P = 0.962). Acupuncture
therapy combined with TCM treatment may improve endometrial receptivity and hormone secretion,
and increase uterine artery blood flow.

Keywords endometrial receptivity, in vitro fertilization embryo transfer, acupuncture, Bushen Quyu decoction,
pregnancy rate

1. Introduction

Infertility has become a global social and health problem.
According to statistics, infertility accounts for 10-
15% of married couples of childbearing age in China
(7). The rapid development of in vitro fertilization and
embryo transfer (IVF-ET) technology has brought hope
to infertile patients and improved the success rate of
infertility treatment (2). After decades of development,

IVF and its derivative technologies have made great
progress through improving the ovulation promotion
program and developing the laboratory culture system.
However, the implantation rate and clinical pregnancy
rate of embryos have not been satisfactory (3).
Endometrial receptivity is the ability of endometrium
to accept embryos during a specific time period, and
is a key factor affecting the outcome of IVF-ET. It is
estimated that embryo factors account for about one third

www.ddtjournal.com



Drug Discoveries & Therapeutics. 2024, 18(6):362-367. 363

of implantation failures, and the remaining two thirds
of implantation failures are caused by poor endometrial
receptivity or abnormal interaction between embryo
and endometrium (4). How to improve the pregnancy
outcome of patients with repeated IVF-ET transplantation
failure by regulating endometrial receptivity is an urgent
clinical problem.

An increasing number of infertile couples have
chosen acupuncture, traditional Chinese medicine
(TCM) and other auxiliary methods to improve the
success rate of IVF-ET. Studies have found that
acupuncture was helpful to increase the pregnancy rate
(5). Compared to those without acupuncture or TCM
treatment, acupuncture can help reduce the rate of
miscarriage. In addition, TCM has certain feasibility in
improving endometrial receptivity and the blastocyst
on endometrium (6). Worldwide, there is an increasing
trend of implementing acupuncture as a complementary
therapy during IVF. Acupuncture has been applied for
regulating hormone secretion, increasing uterine blood
flow and stimulating secretion of endogenous opioids
(7). Bushen Quyu decoction is commonly prescribed
in our hospital, and retrospective data have shown
that the majority of cases who have been treated with
combined acupuncture and TCM have had more success
in pregnancy than cases with no TCM or acupuncture
treatment. However, its clinical efficacy lacks the support
of evidence-based medicine. Therefore, we conducted a
single center observational study to evaluate the clinical
efficacy and safety of acupuncture combined with TCM
in patients with IVF-ET failure of the kidney deficiency
and blood stasis type.

2. Methods
2.1. Study design and participants

This study is a single center observational study. Women
who underwent IVF-ET from May to November of
2021 at the gynecology clinic of Shanghai Yangpu
District Hospital of TCM were recruited. The diagnostic
criteria of infertility is that the couples have normal
sexual life after marriage, and have not been pregnant
for more than one year without contraception (8). The
syndrome diagnostic criteria of kidney deficiency and
blood stasis syndrome in infertility and blood stasis
syndrome in hypomenorrhea were formulated according
to the Criteria for the Diagnostic Efficacy of TCM
Diseases and Syndromes issued by the Chinese Medicine
Administration in 2012 (9), and the TCM Gynecology
edited by Ma Baozhang (/0). All patients experienced
one or more [VF-ET transplant failures.

Inclusion criteria were: (i) meeting the diagnostic
criteria of infertility; (if) conforming to kidney deficiency
and blood stasis syndrome; (iii) patient's age was 23-42
years old; (iv) embryos to be transferred were of high
quality, and frozen thawed embryo transfer was planned;

(v) given informed consent. Exclusion criteria were: (i)
confirmed obvious and serious other organic diseases in
the reproductive organs, which cannot bear pregnancy;
(i7) infertility caused by genetic factors; (iif) women
suffering from serious mental illness, acute infection of
urogenital system, and sexually transmitted diseases; (iv)
women with a history of habitual abortion.

2.2. Ethics

This study has been approved by the Ethics Committee
of Yangpu District Hospital of TCM (Ethics No.:
YPZY-2018-LC-02), and each patient has provided
written informed consent. This study was conducted in
accordance with the principles of the 2000 Declaration of
Helsinki.

2.3. Procedures

Natural cycle or semi natural cycle were used to prepare
endometrium for frozen embryo transfer for both groups.
Natural cycle is suitable for those with regular menstrual
cycle and ovulation; semi natural cycle is suitable for
those with irregular or no ovulation. Oral letrozole 2.5-5
mg/d was administrated for 3-5 days after menstruation.
The hCG injection day of the two schemes is the date of
maximum diameter of the main follicle reaching 18 mm.
The control group was operated according to the
routine procedure of frozen thawed embryo transfer,
and the combined therapy group was treated with
acupuncture combined with the Bushen Quyu decoction
before transplantation on the basis of the routine
procedure of frozen thawed embryo transfer.
Acupuncture scheme: point positioning were chosen
based on the 7" edition of Meridian Acupuncture (11).
Select the following acupoints: CV4 (Guanyuan),
CV6 (Qihai), CV3 (Zhongji), EX-CA1 (Zigong), SP6
(Sanyinjiao), LI4 (Hegu, both sides), BL23 (Shenshu),
DU4 (Mingmen), BL32 (Ciliao) and SP10 (Xuehai,
both sides). Needles: according to the regulations of the
special clinical research team of the "Acupoint Code",
30 # 1.5 inch disposable sterile needle (Huatuo brand,
Suzhou, China) was selected, with a specification
of 0.25 x 40 mm. Operation: refer to the operation
method of "Meridians and Acupoints" compiled by
Shen Xueyong, the textbook of the national planning of
Chinese medicine colleges and universities in the new
century. The patient first emptied the urine and then
took the supine position, fully exposed the site of the
operation, after local routine disinfection at selected
acupoints, quickly pierced the needle at a 90-degree
angle into 0.8-1.2 inches, and the above acupoints were
repeatedly inserted and twisted using the flat supplement
and diarrhea technique until the patient felt local
numbness and heaviness, then the needle was left for 30
minutes after obtaining the gas. The above acupuncture
treatment was performed 2-3 times/week except during
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menstruation, and was stopped after transplantation. The
patients were treated with medicine and acupuncture for
3 menstrual cycles, and the patients who received frozen
embryo transfer during the treatment period or within 2
months after the treatment were eligible to be included
in the group.

The Bushen Quyu decoction was prepared by the
TCM pharmacy of Yangpu District Hospital of TCM.
The basic herbs and dosage were as follows: Dangshen
(tangshen) 15g, Baizhu (Largehead Atractylodes
Rhizome) 15g, Tusizi (Chinese Dodder seed) 15-30g,
Nvzhenzi (Glossy privet fruit) 10g, Danggui (Chinese
Angelica) 15g, Sanqi (Sanchi) 3-5g and Danshen
(Dan-Shen Root) 9g. Patients received one full dose
(taking at two half-doses: morning and evening) per
day orally. Each dose was decocted with water, and
taken after warming. The administration was stopped
during menstruation, or immediately after detection of
pregnancy.

Human chorionic gonadotropin (hCG) injection was
performed when the maximum diameter of the main
follicle grew to 18 mm. On the day of hCG injection,
the peripheral blood of patients was drawn. The levels
of estradiol (E2) and progesterone in the peripheral
serum of patients were detected by radioimmunoassay.
The endometrial thickness, resistance index (RI),
and pulsatility index (PI) of bilateral uterine arteries
were measured on the day of hCG injection by
ultrasound using the GE Volkswagen ES8 color Doppler,
RM6C7.5MHz transvaginal probe model (General
Electric Medical Systems, Milwaukee, WI, USA).
Adverse events including breast pain, nausea, rash,
headache and other symptoms were recorded.

2.4. Outcomes

The main outcomes of this study were implantation rate
and clinical pregnancy rate. Blood test f-hCG positive
patients 14 days after transplantation were regarded
as biochemical pregnancy, which indicated successful
implantation. The implantation rate was calculated as:
number of successful implantation/number of patients
x100%. Four weeks after transplantation, ultrasound
monitoring was performed. Those who detected with
gestational sac, embryo bud and fetal heart beat were
regarded as clinical pregnancy. The clinical pregnancy
rate was calculated as: number of clinical pregnancies/
number of patients x100%.

In addition, serum levels of E2 and progesterone,
endometrial thickness, RI and PI of bilateral uterine
arteries were compared between the two groups on the
day of hCG injection.

2.5. Statistical analysis

Categorical variables were expressed by rate (%), and
compared using the Chi-square test or Fisher's exact

test. The continuous data that conform to the normal
distribution were expressed by mean + SD, and compared
using Student's #-test. Continuous variables that do not
conform to the normal distribution were expressed as
median (interquartile range) [M (IQR)], and compared
using Mann-Whitney U test. All statistical analyses were
conducted using SPSS 24.0 statistical software. A two-
sided P < 0.05 denoted as statistical significance.

3. Results
3.1. Patient characteristics

A total of 86 participants were recruited, including 42
women received combined therapy, and 44 women
received routine treatment (the control group). Before
treatment, there was no significant difference between
the two groups in terms of age, infertility years, IVF-ET
times and body mass index (BMI) (P > 0.05 for all). In
addition, there was no significant difference between the
two groups in terms of the causes of assisted pregnancy (P
=0.991) (Table 1).

3.2. Pregnancy rate of patients with [VF-ET failure

As shown in Table 2, the implantation rate of patients
with IVF-ET failure receiving combined treatment
appeared to be higher than those of the routine procedure
group, although the increase was not statistically
significant (61.9% vs. 47.7%, P = 0.187). In addition,
although not reaching statistical significance, the clinical
pregnancy rate appeared to be higher of the combined
therapy group than the control group (52.4% vs. 36.4%,
P=0.135).

3.3. Hormone levels and endometrium thickness after
hCG injection

As shown in Table 3, there was no difference of the E2
level between the two groups before hCG injection. After

Table 1. Population characteristics

Combined therapy Control group
group (n =42) (n=44)

Age 31.88+£4.27 30.84 +3.46 0.22
Infertility years 3(3-4) 3(3-4) 0.84
IVF-ET times 2 (2-3) 3(2-4) 0.28
BMI 22.62+1.48 22.32+£222 0.46
Cause of assisted 0.991*
pregnancy

Fallopian tube 21 24

Ovulation disorder 5 5

Endometriosis 3

Spouse factor 12 11

Unknown cause 1 1

BMI, body mass index; IVF-ET, in vitro fertilization and embryo
transfer. *Fisher's exact test.
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Table 2. Comparison of pregnancy rate between the two
groups

Table 4. Changes of uterine artery blood flow before and
after hCG injection between the two groups (mean = SD)

Combined therapy Control group

Combined therapy Control group

group (n =42) (n=44) group (n =42) (n=44)
Implantation 0.187 Right RI
Yes 26 (61.9%) 21 (47.7%) Before treatment 0.77+0.15 0.78£0.15 0.71
No 16 (38.1%) 23 (52.3%) After treatment 0.58£0.13 0.78+0.17  <0.001
Clinical pregnancy 0.135 Right PI
Yes 22 (52.4%) 16 (36.4%) Before treatment 2.83+£0.53 2.90 £0.52 0.58
No 20 (47.6%) 28 (63.6%) After treatment 2.24+0.25 2.78+0.53  <0.001
Left RI
Before treatment 0.77+0.17 0.76 £0.16 0.87
After treatment 0.55+0.18 0.79+0.15 <0.001
Left PI
Table 3. Comparison of serum hormone levels and Before treatment 2.77+0.61 2.84+0.48 0.58
endometrial thickness before and after hCG injection After treatment 2.37+0.26 2.88+0.47 <0.001

between the two groups (mean + SD)

Combined therapy Control group

group (n =42) (n=44)
Estradiol (pmol/L)
Before treatment 833.5+110.8 805.6 £ 123.8 0.28
After treatment 916.2 £ 100.6 781.6 +186.0 <0.001
Progesterone (nmol/
L)
Before treatment 1.2+04 1.3+£0.3 0.07
After treatment 1.3+0.3 1.3+0.3 0.81
Endometrial thickness
(mm)
Before treatment 7.8+0.9 8.1+0.9 0.14
After treatment 8.8+0.8 84+1.1 0.048

hCG injection, the E2 level in the combined therapy
group was significantly higher compared with that in
the control group (P < 0.001). There was no statistically
significant difference of the progesterone level between
the two groups both before and after hCG injection.

As for the average endometrial thickness, there
was no difference between the two groups before hCG
injection. After hCG injection, the endometrial thickness
in the combined therapy group was significantly higher
compared with the control group (Table 3, P = 0.048).

3.4. Uterine artery blood flow

As shown in Table 4, before hCG injection, all variables
of uterine artery blood flow were comparable between
the two groups. However, after hCG injection, bilateral
uterine artery resistance index (RI) and pulsation index
(PI) of patients in the combined therapy group were
significantly lower than those in the control group (P <
0.001 for all).

3.5. Adverse events

As shown in Table 5, the recorded adverse events included
breast swelling and pain, nausea, rash, and headache
in both groups. There was no significant difference of
adverse events between the combined therapy group and
the control group (P = 0.962).

RI, resistance index; PI, pulsatility index.

Table 5. Comparison of adverse events (n/%)

Combined therapy Control group
group (n =42) (n=44)

Total 5(11.9%) 5(11.36%) 0.962*
Breast swelling and 1(2.38%) 2 (4.54%)
pain
Nausea 2 (4.76%) 1(2.27%)
Rash 1(2.38%) 1(2.27%)
Headache 1(2.38%) 1(2.27%)

*Fisher's exact.

4. Discussion

This study indicated that the implantation rate and
clinical pregnancy rate of patients with IVF-ET failure
receiving acupuncture therapy combined with Bushen
Quyu decoction treatment appeared to be higher than
those of the routine procedure group, although the
increase was not statistically significant. After hCG
injection, the endometrial thickness in the combined
therapy group was higher than that in the control group,
while PI and RI were lower than those in the control
group. Our results suggested that the combined therapy
increased the level of estradiol in IVF-ET patients and
improved endometrial receptivity, possibly because the
TCM decoction can reduce the blood flow resistance
of uterine artery to promote the development of
endometrium and help embryo implantation.

The endometrial thickness refers to the total length
of the endometrium of the anterior and posterior
walls of the uterus and the uterine space, and changes
periodically with the menstrual cycle. A moderate
endometrial thickness is easy for embryo implantation,
while a thin endometrium can significantly reduce
the rate of embryo implantation (/2). Estrogen and
progesterone are hormones that play a leading role
in the periodic development and transformation of
endometrium. Estrogen is essential to maintain the
proliferation of endometrium in follicular stage, and can
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promote the proliferation and growth of endometrium,
as well as repair and restore the damaged endometrium.
Meanwhile, estrogen and progesterone also regulate
uterine artery blood flow. A high level of estrogen
can expand uterine artery blood vessels, increase
compliance of uterine artery wall, reduce arterial blood
flow resistance, and accelerate uterine artery blood flow
speed (/3-14). Previous studies have reported that for
patients who failed IVF-ET receiving treatment of warm
acupuncture at abdominal and lumbosacral points for 3
menstrual cycles, the endometrial thickness and uterine
blood perfusion increased significantly, while bilateral
PI values decreased. Warm acupuncture can improve
the clinical pregnancy rate of patients who failed
high-quality frozen thawed embryo transfer after re-
transplantation (75).

With the development of ultrasound diagnostic
technology, it is possible to study and evaluate
endometrial receptivity by measuring uterine
hemodynamic parameters with transvaginal color
Doppler ultrasound, a non-invasive method (/6). In
assisted reproductive technology, Doppler ultrasound
has been applied to monitor parameters such as
endometrial thickness, morphology, arterial blood flow,
and endometrial blood flow perfusion, which are reliable
indexes of endometrial receptivity and pregnancy
outcome. Endometrial blood flow is the main nutrient
vessel of the endometrium. Rich blood flow indicates
favorable internal environment of the endometrium
during the transplantation window, which is associated
with a better outcome of embryo pregnancy. It was found
that more blood flow branches in the endometrium and
under endometrium were associated with higher success
rate of embryo implantation (/7). For patients with poor
endometrial blood flow, TCM can be applied to improve
the uterine artery and endometrial blood flow, increase
the clinical pregnancy rate of FET, and reduce the waste
of embryos. Of the Bushen Quyu decoction, Nvzhenzi
(Glossy privet fruit) and Tusizi (Chinese Dodder seed)
are the principal medicines dedicating to nourish kidney
energy. Baizhu (Largehead Atractylodes Rhizome) and
Dangshen (tangshen) are adjuvant drugs with the effect
of strengthening the spleen. When the spleen is healthy,
the Qi and Blood are active. The addition of Danggui
(Chinese Angelica), Sanqi (Sanchi) and Danshen (Dan-
Shen Root) have the effect of activating blood and
eliminating stasis.

The acupoints selected in this study, including CV4
(Guanyuan), CV6 (Qihai), CV3 (Zhongji), EX-CAI
(Zigong), SP6 (Sanyinjiao), LI4 (Hegu), BL23 (Shenshu),
DU4 (Mingmen), BL32 (Ciliao), SP10 (Xuehai) and
other acupuncture points can play the roles of warming
the womb, recuperating Chong Ren, and cultivating Yuan
Qi. The acupuncture treatment can enhance the blood
supply of the ovary and uterus, enhance the contraction
of smooth muscle, accelerate blood circulation, stimulate
the formation of ovarian capsule, promote the rupture

of follicle wall, help mature follicles to discharge, and
regulate the autonomic nervous system to enhance
endometrial receptivity. Previous studies have shown that
warming needle can improve the local temperature of the
lower abdomen, accelerate the blood circulation around
the uterus and accessories, promote the absorption of
endometrial effusion, improve the uterine environment
and endometrial receptivity, and increase the clinical
pregnancy rate (/8). It is also worth noting that the
adverse events of the combined therapy were relatively
mild, since the herbs used in the Bushen Quyu decoction
in general have no obvious toxic and side effects.

This study has a few limitations. First, the
retrospective nature of the study may introduce certain
biases, although comparison of baseline characteristics
showed there were no significant differences between the
two groups. Second, our sample size is limited, which
may explain why we did not detect a significant increase
of the implantation rate and clinical pregnancy rate of
patients with IVF-ET failure. However, we did detect
improvements of endometrial receptivity and hormone
secretion, as well as uterine artery blood flow, which
are consistent with previous studies. In the future, a
well-designed randomized clinical trial with sufficient
sample size is needed to fully evaluate the efficacy of the
combined treatment.

In summary, the combined therapy of Bushen Quyu
decoction and acupuncture can improve endometrial
receptivity and hormone secretion, and increase uterine
artery blood flow of patients receiving IVF-ET, although
the combined treatment did not significantly improve
implantation rate and clinical pregnancy rate. In addition,
this combination treatment is safe and does not increase
adverse reactions.
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SUMMARY

Keywords

Alopecia areata (AA) is a common and recurrent type of hair loss. Despite oral administration of
baricitinib exerts a good effect on refractory AA, the long-term administration of baricitinib carries
significant side effects, poor compliance, and the efficacy is difficult to maintain after drug withdrawal.
Therefore, the exploration of a safe and effective local administration of baricitinib to treat AA is of
great clinical importance. However, baricitinib has a large molecular weight and is barely soluble
in water, while the hair follicle lies deep, thus conventional topical dosage forms are ineffective.
This study investigated the efficacy of local injection of baricitinib-loaded mesenchymal stem cell
exosomes (EVs) in the treatment of AA. First, we constructed baricitinib loaded EVs (EV-B) and
established AA mouse model by intravenously injection with murine INF-y according to previous
literature reports. The therapeutic effects of EV-B on hair regrowth were recorded and the underlying
mechanism was also analyzed by Luminex protein biochip test and western-blot. Compared to control
group, the baricitinib, EV and EV-B groups exhibited improved hair coverage in the AA mouse model.
Besides, EV-B group achieved the optimal effect. The underlying mechanism might be attributed to
the improvement of drug delivery efficiency as well as the synergistic effect of EVs, leading to better
inhibition of JAK-STAT pathway and upregulation of the Wnt/B-catenin pathway. Our findings proved
the effectiveness of EV-B on the treatment of AA, and might provide a new therapeutic approach for
AA in future clinical application.

Alopecia areata, baricitinib, mesenchymal stem cell, exosomes

1. Introduction

Alopecia areata (AA) is a common inflammatory non-
scarring type of hair loss that affects approximately 2%
of the global population (/,2). The initial cause of AA
remains elusive, while current research has shown that
the loss of immune privilege in the hair follicle (HF)
and the subsequent autoimmune response is a major
precondition for the development of AA (3,4).

HFs are normally immune privileged sites under
physiological conditions. However, in AA, this immune
privilege is disrupted, leading to increased expression
of major histocompatibility complex (MHC) I and II,
along with the up-regulation of adhesion molecules and
chemokines in anagen hair bulbs. This disruption exposes

autoantigens and allows the infiltration of CD8" T cells
(1,3). These CD8" T cells produce interferon-gamma
(IFN-y) and enhance the production of interleukin-15
(IL-15) via Janus kinases 1 (JAK1) and 2 (JAK2)
signaling pathway. IL-15, in turn, binds to the surface of
CDS8" T cells and activate JAK1 and JAK3 to enhance
the production of IFN-y (3). The inflammation disrupts
the hair cycle, inducing dystrophic anagen and premature
catagen phases, ultimately leading to hair loss in AA (3,5).

Given the predominant role of the JAK-STAT
signaling pathway in the initiation and progression of
AA, Janus kinase inhibitors (JAKi) have emerged as
promising drugs for the treatment of AA (6,7). As an
effective JAK1 and JAK2 inhibitor, baricitinib is the
first JAKi approved for the treatment of severe AA in
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the USA and the EU (4,8). Despite oral baricitinib shows
ideal therapeutic effects on severe AA, there are still
concerns about long-term side effects such as increased
infection or cancer risk (9,/0). Besides, AA frequently
recurs after the treatment cessation. Therefore, a topical
formulation of baricitinib may be an ideal option for
maintenance therapy (/7). However, there is no such
topical formulation of JAKi has yet been developed
(5). Therefore, exploring an effective way for topical
baricitinib administration is crucial for clinical practice.

Extracellular vesicles (EVs) are natural nanosized
membrane vesicles derived from most cell types. As
carriers, EVs carry and deliver various biomolecules and
play an important role in cell-to-cell communication (/2).
EVs are valued for their stability, low immunogenicity,
safety, and cell targeting capabilities, making them a
promising drug delivery system (/3). The approaches
for EVs' loading can be divided into exogenous and
endogenous loading. The endogenous loading methods
include electroporation, simple incubation, sonication,
extrusion and freeze-thawing (/4). It's worth noting that
EVs have been employed to deliver a variety of "cargos"
such as nucleic acids, protein, metal nanoparticles as well
as chemotherapeutic drugs, achieving ideal therapeutic
effect (15-18).

In this study, we loaded the mesenchymal stem cells
(MSCs)-derived EVs with baricitinib and evaluated
its therapeutic effect on alopecia areata in vivo. The
underlying mechanism was also explored. Our study may
provide a theoretical basis for the topical administration
of baricitinib in treating AA.

2. Materials and Methods
2.1. Cell culture

Human placentas-derived mesenchymal stem cells
(dMSCs) were obtained from Shenyang Cell Center
(Shenyang, China). These cells were cultured in
Human Mesenchymal Cells Serum-free Culture
Medium (NCO0106, yocon, China). The supernatant of
MSCs (passage 1-6) was collected for the subsequent
experiments. Dermal papillary cells were purchased
from Meissen CTCC (Hangzhou, China) and cultured in
Dulbecco's Modified Eagle's Medium (DMEM) (12100,
solarbio, China) supplemented with 10% fetal bovine
serum (S9000, solarbio, China).

2.2. Isolation and characteristics of EVs

EVs were isolated from supernatant using a series of
ultra-high-speed centrifugation procedures according to
the published literatures. The morphology of EVs was
observed by transmission electron microscope (TEM)
(Hitachi, Japan), and the particle size was determined by
nanoparticle tracking analyzer (Particle Metrix GmbH,
Germany). The expression of EV positive markers CD63

(ab68418, abcam, USA), TSG101 (ab133586, abcam,
USA), CD81 (ab232390, abcam, USA) and negative
marker calnexin (ab133615, abcam, USA), were
analyzed by Western blot.

2.3. Preparation of baricitinib-loaded EVs

Baricitinib was loaded into exosomes with
electroporation. Briefly, 2E+11 particles of
exosomes were co-incubated with 2 mL Gene Pulser
Electroporation buffer and 1400 pg baricitinib
(MedChemExpress, HY-15315) at 37°C for 30 min.
The mixture was then transferred to a cuvette and
electroporated under the following conditions: 125 pF,
250 V, Max capacitance, 10 pulses with a 2 s interval.
The electroporated exosomes were washed with PBS
for 3 times in 100 kDa ultrafiltration tube, and then
concentrated to 150 pL. This process was repeated
until a sufficient amount of baricitinib-loaded EVs was
collected. Baricitinib-loaded EVs were lysed with 1%
Tween-20 and subjected to high-performance liquid
chromatography (HPLC) testing. The procedure of
HPLC are as follows. Baricitinib was dissolved to
10 mg/mL in DMSO and diluted to 1,000, 500, 250,
125, 62.5, 31.25, 15.6 pg/mL. 10 pL aliquots of each
sample was injected into the HPLC system (Agilent
1260, USA). All data were acquired using a C18
column with the mobile phase H,0: ACN (50:50, v/
v) at a flow rate of 1 mL/min at 45°C. The elution of
baricitinib was monitored by measuring absorbance
at 254 nm, the standard curve was obtained by linear
fitting with baritinib concentration as X axis and peak
area as Y axis. The EV-B were transferred to 1% Tween
and incubated at 4°C for 2 hours and baricitinib was
released. The solution was detected by HPLC and the
concentration of baricitinib in EV-B was calculated
according to the standard curve.

2.4. Uptake assay

The uptake assay was conducted to verify whether
the baricitinib-loaded EVs could be endocytosed by
dermal papillary cells (DPs). EVs was labeled with actin
(cytoskeleton, red), and DP cells were counterstained
by PKH67 (membrane, green) and DAPI (cell nucleus,
blue). The internalization process was observed under
confocal microscope (Leica, Germany).

2.5. Animal study

This study was approved by the Ethics Committees of
the PLA General Hospital. Twenty 6-week-old female
C57BL/6 mice purchased from the SPF Biotechnology
(Beijing, China) were employed in this study. They
were intravenously injected with murine INF-y at a dose
of 2 x 10* U (P00215, solarbio) for three consecutive
days, followed by injections every 7 days (19, 20).
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At 8.5 weeks after birth, the mice were shaved and
randomly assigned into four groups. The control group
was injected with 1 mL saline, the baricitinib group
was injected with 1 mL of an 86.37 pg/mL baricitinib
solution, the EV group was injected with 1 mL of a 2.48
x 10" particles/mL EV solution, and the baricitinib + EV
group was injected with 1 mL baricitinib-loaded EVs,
which contained 86.37 pg baricitinib and 2.48 x 10"
EV particles in average. The solution was injected at 16
sites evenly within the shaved area in each group. The
mice received those treatments above every day for two
weeks. Photographs were taken at day 5, 10, 15, and day
20 after shaving to document the hair growth. At day 20,
the mice were euthanized, and the entire dorsal skin was
obtained for further histological analysis.

2.6. Western blot analysis

The skin tissue in each group was lysed by RIPA buffer
(Invitrogen). Protein concentrations were measured
by BCA Protein Assay Kit (PC0020, Solarbio, China).
Equal amounts of heat-denatured protein samples
were separated by BeyoGel™ TBE Precast PAGE Gel
(D01718, Beyotime, China) and then transferred onto
PVDF membrane and blocked with 5% non-fat dried
milk for 1 hour, followed by incubation with specific
primary antibodies (4°C overnight), and secondary
antibodies for 2 h. The specific antibodies include
IFN-y (# 84558, Cell Signaling Technology, USA),
Jak-2 (ab108596, abcam, USA), Stat-1 (ab109457,
abcam, USA), IL-15 (ab52816, abcam, USA), B-catenin
(ab32572, abcam, USA). The blots were finally detected
by chemiluminescence.

2.7. Detection of inflammatory cytokines

Skin tissues from each group were collected, and
proteins were extracted using RIPA buffer (Invitrogen).
Inflammatory cytokines were detected by Luminex
protein biochip testing system (Bio-Plex MAGPIX
System, Bio-Rad) and a test kit (Bio-Plex Pro Mouse
Cytokine Grp, #M60009RDPD), following the
manufacturer's instructions.

2.8. Statistical analysis

Data are presented as the mean £ SD, and all the
experiments were conducted at least three times.
Statistical analysis was performed using one-way
analysis of variance (ANOVA) for comparison of group
means. Two-way ANOVA was employed for comparison
among groups at different time points. P < 0.05 was
considered statistically significant.

3. Results

3.1. Characteristics of EVs

The characteristics of EVs were determined by TEM,
nanoparticle tracking analyzer (NTA) and Western
blotting. The ultrastructure of EVs was presented in
Figure 1A, which exhibited a typical cup shape and
a smooth double-layer structure. Particle diameters
were measured by NTA (Figure 1A). The average
diameter of particles was 109.7 nm for the EV group
and 120.6 nm for the EV-B group. The morphological
characteristics in both groups were consistent with those
described for EVs in previous studies. The positive
markers of EVs including CD63, TSG101 and CD81
were detected by western blot, but the negative marker
calnexin was undetectable in both groups (Figure 1B).
The concentration of baricitinib was detected by HPLC.
The result showed that the concentration of baricitinib
is 86.37 pg/mL in the supernatant from sample of EV-B
group (Figure 1C). The concentration of EV is 2.48 x
10" particles/mL (Figure 1D). Uptake assay revealed
that after 12 hours, the EVs in EV-B group (labeled with
Phalloidin, red fluorescence) could be internalized by
dermal papillary (DP) cells (the nucleus was labeled with
DAPI, blue fluorescence, and cytoskeleton was labeled
with PKH-67, green fluorescence) (Figure 2).

3.2. EV-B promote hair regrowth in mice

To assess hair growth in C57BL/6 mice, photographic
images were captured at intervals of 5, 10, 15 and 20
days. 10 days after the treatment, the skin color of
baricitinib, EV and EV-B groups shifted from pink to
light gray. Besides, the EV-B group began to show some
hair growth. By day 15, the baricitinib, EV and EV-B
groups exhibited improved hair coverage compared to
the control group. In addition, the EV-B group achieved
most significant improvement among groups. By day
20, the entire depilated area on the backs of the mice in
the EV-B group was covered with new hair (Figure 3).
The above results showed that both baricitinib solution
and EV could promote hair growth in AA mouse model,
while EV-B had a more significant effect. Compared to
baricitinib group, the better efficacy of EV-B may be
attributed to the improvement of drug delivery efficiency
as well as the synergistic effect of EVs.

3.3. EV-B exerts its role by inhibiting JAK-STAT
pathway and activating Wnt/p-catenin pathway

Luminex protein biochip testing system and Western-blot
were employed to illustrate the regulatory mechanism
by which EV-B promotes hair regrowth. As is shown in
Figure 4, compared to control group, EV-B significantly
down-regulated the expression of IFN-y and IL-2 in mice
tissue. In addition, the expression levels of IFN-y, Jak-
2, Stat-1, IL-15 and B-catenin in mice tissue were also
detected by Western-blot. The results indicated that EV-B
down-regulated the expression of IFN-y, Jak-2, Stat-1
and IL-15, and up-regulated the expression of -catenin
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Figure 1. Characteristics of EVs. (A) (a-b) Ultrastructure of EVs, scale bar = 100 nm. (c-d) particle size distribution measured by nanoparticle
tracking analyzer. (B) The expression level of exosome negative marker Calnexin and positive maker CD63, TSG101 and CD81 measured by
western-blot. (C) The solution of EV-B was detected by HPLC, the average peak area was 466823 and the concentration of baricitinib in EV-B was
86.37 pg/mL. (D) The number of EV-B particles was measured by nanoflow, there is 2.48 x 10" particles/mL in EV-B solution. These results provide
the standard concentration of baricitinib and EVs in control group in the following experiments (EVs: extracellular vesicles, EV-B: baricitinib loaded

EVs; HPLC: high-performance liquid chromatography).

DAPI PKH67

EV+B

PBS

Phalloidin

Figure 2. Uptake assay. The membrane of EVs were labeled with phalloidin (red). DPs cytoskeleton was counterstained by PKH67 (green) and
nucleus was labeled by DAPI (blue). (EVs: extracellular vesicles, DPs: dermal papillary cells, PKH67: a kind of green fluorescent cell membrane

dye, DAPI: a kind of blue fluorescent cell nucleus dye).

(Figure 5). Compared to baricitinib group, the expression
of Jak-2, Stat-1, IL-15 in EV-B group were significantly
down-regulated (P < 0.05), which achieved a better
effect of inhibiting the inflammation. As is known,
IFN-y, Jak-2, Stat-1, IL-15, B-catenin and IL-2 are key
elements of JAK-STAT pathway. B-catenin is also one
of the important effector molecules of the Wnt/B-catenin
pathway as well as a common marker for anagen hair
follicles. These results indicate that EV-B promotes hair
growth by inhibiting inflammation and promoting hair

follicle regeneration (Figure 6).
4. Discussion

Alopecia areata (AA) is a common chronic autoimmune
disease characterized by the loss of the immune privilege
of hair follicle (/). Although the exact pathobiology
remains elusive, the JAK-STAT signaling pathway plays
a pivotal role in the initiation and development of AA (5).
Baricitinib is a small molecule (371.41 Da) adenosine
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Figure 3. EV-B promotes hair regrowth in vivo. (A) Hair regrowth progression from day 5 to day 20. (B) The statistical analysis of hair coverage
rate in each group (n =5). ¥*P < 0.05; **P < 0.01; ***P <0.001.
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Figure 5. EV-B exert its role by up-regulating Wnt/B-catenin pathway and down-regulating JAK-STAT pathway. (A) The expression level of
IFN-vy, jak-2, stat-1, IL-15, B-catenin in each group. (B) The relative protein level in each group. The result was normalized to GAPDH expression. *P
<0.05; **P <0.01; ***P <0.001. (EV-B: baricitinib loaded EVs, IFN-y: interferon-y, jak-2: Janus Kinase 2, stat-1: signal transducer and activator of
transcription 1, IL-15: interleukin-15).

triphosphate competitive inhibitor that selectively
inhibits the JAK1 and JAK2 enzymes. The in-vitro half
maximal inhibitory concentrations (IC,) for JAK1 and
JAK2 are 5.9 nM and 5.7 nM, respectively (6). Oral

baricitinib has demonstrated high efficacy in patients
with moderate to severe alopecia areata and is approved
for the treatment of severe AA in many countries. While
systemic treatments can lead to unwanted long-term
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Figure 6. The therapeutic mechanism of EV-B in the treatment of AA. The therapeutic mechanism of EV-B in the treatment of AA may be the
inhibition of JAK-STAT pathway and the upregulation of the Wnt/B-catenin pathway. (EV-B: baricitinib loaded EVs, AA: alopecia areata).

side effects, making topical application of baricitinib
a potentially desirable treatment option for AA (5).
Despite this, baricitinib has high molecular weight and
very poorly water solubility (0.357 mg/mL to 0.46 mg/
mL at 25°C) present challenges for its effective delivery
as a topical treatment (27). Therefore, it is important to
explore a proper drug carrier to improve the efficacy of
topical baricitinib.

Exosomes have been investigated as delivery
vesicles for various drugs. The exosome delivery
system has specific advantages such as stability, a long-
circulating half-life, specificity for targeting tissues,
low immunogenicity and satisfactory biocompatibility.
For example, Kim ef al. (17) used exosome to deliver
a RAGE-binding peptide for the treatment of acute
lung injury. Wang et al. (22) used HEK-293T-derived
exosomes loaded with adriamycin to improve the
efficacy of tumor radiotherapy and chemotherapy. Zhu et
al. (16) used ESC-exos as a therapeutic carrier to deliver
paclitaxel and treat brain glioma.

MSCs are cell populations known for their self-
renewal activity, which has broad prospects in tissue
repair and regeneration. Lee et al. (23) reported that
MSCs not only up-regulated the Wnt/B-catenin pathway
to promote hair follicle growth, but also antagonized
IFN-y-induced hair follicle inflammation by down-
regulating the JAK-STAT pathway in outer hair root
sheath cells. While the safety of cell therapy remains
controversial, exosome provides a major breakthrough
to overcome the therapeutic limitations of MSCs.
Therefore, MSC-derived EVs can promote the growth
phase of hair follicles as well as inhibit inflammation.
Their unique structure and properties make them an ideal
drug carrier to load baricitinib.

In conclusion, we built baricitinib-loaded EVs and
demonstrated that they can effectively promote hair
growth in mice. The underlying mechanism may be the
inhibition of JAK-STAT pathway and the upregulation
of the Wnt/B-catenin pathway. Compared to baricitinib
group, the better efficacy of EV-B may be attributed

to the improvement of drug delivery efficiency as well
as the synergistic effect of EVs. Our findings proved
the effectiveness of EV-B, which could possibly be of
practical use in the field of AA treatment.
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SUMMARY

Keywords

Alzheimer's disease (AD) is a progressive neurodegenerative disorder characterized by cognitive
decline, memory loss, and functional impairments. Despite extensive research, its pathogenesis
remains incompletely understood, and effective treatments are limited. This study explored the
therapeutic potential of agarwood in AD by integrating network pharmacology, protein-protein
interaction (PPI) network analysis, and single-cell expression analysis. The results revealed that
agarwood compounds may modulate key inflammatory genes such as NFKBI, STATI, and TLR4,
alleviating neuroinflammation; enhance the expression of HSP90 and regulate KDR signaling to
improve blood-brain barrier (BBB) integrity; and promote the activity of PTPN11 and CXCR4
to support oligodendrocyte precursor cell (OPC) repair and remyelination. Single-cell expression
analysis highlighted cell-type-specific expression patterns, particularly in OPCs and endothelial cells,
underscoring their relevance in AD pathology. Agarwood's multi-dimensional therapeutic potential
positions it as a promising candidate for the development of novel AD treatments.

Alzheimer's disease, agarwood, network pharmacology, neuroinflammation, blood-brain barrier,

oligodendrocyte precursor cells

1. Introduction

Alzheimer's disease (AD) is a multifaceted, progressive
neurodegenerative disorder and the most prevalent
cause of dementia, characterized by cognitive decline,
memory loss, and impaired daily functioning (/). In
2018, approximately 50 million people worldwide
were affected by AD, with projections indicating that
this number may rise to 152 million by 2050 (2). The
increasing incidence of AD imposes significant social
and economic burdens, creating immense challenges
for both individuals and society (3). Current therapeutic
approaches, which include traditional pharmacological
treatments and immunotherapies, have shown limited
efficacy, as no curative treatment targeting AD has
been identified (4). This underscores the pressing need
for further research into the underlying biological
mechanisms of AD and the development of more
effective therapeutic strategies.

Traditional Chinese medicine (TCM) has garnered
attention in clinical practice due to its notable therapeutic
effects and minimal side effects. Among these, agarwood,
a valuable tropical plant, is rich in terpenoids, such as
agarwood oil and agarol, which possess antioxidant,

anti-inflammatory, and neuroprotective properties.
Studies have demonstrated that agarwood extracts
can reduce inflammation and inhibit cholinesterase
activity in mouse models of AD (5). Given its potential
as a neuroprotective agent, agarwood is an appealing
candidate for further research. However, its precise
mechanisms of action in AD remain unclear. In recent
years, network pharmacology has emerged as an
innovative approach for investigating drug-disease
interactions, providing a comprehensive understanding
of the relationship between therapeutics and their
molecular targets (6). In this study, we applied network
pharmacology to identify the target proteins associated
with agarwood and elucidate its potential mechanisms in
AD.

2. Materials and Methods

2.1. Prediction of active ingredients and targets of
agarwood

The active components of agarwood were identified
using the Traditional Chinese Medicine Systems
Pharmacology Database and Analysis Platform
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(TCMSP), applying the screening criteria of oral
bioavailability (OB) greater than 30% and drug-
likeness (DL) greater than 0.18. The molecular
structures and canonical SMILES numbers of the
components were obtained from the PubChem database
(http://pubchem.ncbi.nlm.nih.gov). Target genes of
these active components were predicted using the
SwissTargetPrediction (http://swisstargetprediction.ch/)
and SuperPred databases (https://prediction.charite.de/
subpages/target prediction.php). Targets were filtered
based on a SwissTargetPrediction probability of > 0.60
and a SuperPred probability of > 60%. After compiling
the target genes, their IDs were converted using Perl
language, and gene symbols were obtained through
alignment with the UniProt database.

2.2. Construction of the agarwood active component-
target network

A network depicting the interactions between agarwood's
active components and their target genes was created
using Cytoscape software. The collected data were
imported into Cytoscape to visualize the interactions
within the network.

2.3. Disease target prediction

Genes associated with AD were identified using "AD"
as the keyword, with "Homo sapiens" as the species.
These genes were obtained from the GeneCards (https://
www.genecards.org/), DisGeNET (http://www.disgenet.
org/), and Online Mendelian Inheritance in Man (OMIM)
databases (http.//www.omim.org/), using a GeneCards
score > 50 and a DisGeNET score > 0.10 as the filtering
criteria. After eliminating duplicates, the AD-associated
genes were consolidated.

2.4. Comparison of drug targets and disease targets

A Venn diagram was used to identify overlapping targets
between agarwood's potential therapeutic targets and the
disease-related genes associated with AD.

2.5. Biological function and pathway analysis of
agarwood-AD common targets

Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analyses for
the shared targets were performed using the DAVID
Bioinformatics Database (https.//david.ncifcrf.gov/home.
Jsp). Terms with a P-value < 0.05 were collected for GO
term clustering, and KEGG pathway enrichment was
used to identify statistically significant pathways (P <
0.05).

2.6. Construction of the drug-target-disease interaction
network

The protein-protein interaction (PPI) data of agarwood's
components and their predicted targets were imported
into Cytoscape software. Nodes represented drug
components and disease-related target genes, with
degree values used to filter key components and
targets. Additionally, a drug-target-disease interaction
network was constructed by importing relevant data into
Cytoscape.

2.7. Construction of the PPI network for common targets

The PPI network for the common targets between
agarwood and AD was built using the STRING platform
(https://string-db.org/), with "Homo sapiens" as the
species and a minimum interaction confidence of 0.400.
The network was then analyzed in Cytoscape, and the
main targets were identified based on degree values.

2.8. Expression levels of top ten genes in different brain
regions

The AlzData database (http.//www.alzdata.org/) was
utilized to assess the expression levels of the top ten
identified genes across various brain regions and
individual brain cells.

2.9. Convergent functional genomic (CFG) ranking for
target genes

To assess the relevance of the identified target genes for
agarwood in AD, we applied the CFG approach. This
method integrates data from various sources, including
genetic, transcriptomic, and proteomic information,
to evaluate the involvement of each gene in AD. The
analysis began by selecting the candidate genes identified
through network pharmacology. These genes were then
cross-referenced with genome-wide association studies
(GWAS) and other functional genomics datasets. Each
gene was assigned a CFG score, reflecting its cumulative
association with AD based on factors such as the number
of related genetic variants, known interactions with key
proteins, and involvement in inflammatory pathways.
This CFG score provided a comprehensive ranking of
each gene's potential contribution to AD pathology.

2.10. Expression analysis of hub genes in single cells
Single-cell expression analysis for the hub genes was
performed using the GSE67835 dataset from the Gene
Expression Omnibus (GEO) database, revealing their
expression patterns in different brain cell types.

3. Results

3.1. Screening of active compound targets

A total of eight active compounds from agarwood
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were screened from the TCMSP database. The
SwissTargetPrediction and SuperPred databases were
used to predict the target genes for these compounds.
After eliminating duplicates, 511 potential target genes
were identified.

3.2. Construction of the target network for agarwood
components

A network diagram illustrating the interactions between
agarwood's active components and their respective target
genes was constructed using Cytoscape software (Figure
1). The network revealed a one-to-many relationship
between active compounds and interacting genes,
consisting of 52 nodes and 100 edges. DMPEC and
norboldine were identified as potential key components
in AD treatment.

3.3. Screening of disease targets

Based on the established screening criteria, 123 genes
were identified from GeneCards, 268 genes from the
OMIM database, and 3,421 genes from the DisGeNET
database. After consolidating these data and removing
duplicates, 3,611 AD-associated genes were identified.
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Figure 1. Agarwood components-target network diagram.
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3.4. Identification of common targets

A Venn diagram comparison revealed 122 overlapping
genes between the active components of agarwood and
AD-related genes. These common genes represent the
potential targets through which agarwood might exert
therapeutic effects on AD.

3.5. GO and KEGG enrichment analyses

GO and KEGG enrichment analyses were performed on
the 122 common genes identified in the study, using the
DAVID database. These analyses revealed significant
enrichment in a total of 1,939 GO terms that are relevant
to AD treatment.

Among the 176 terms associated with molecular
function (MF), the primary activities involved include
amide binding, peptide binding, drug binding, protein
serine/threonine kinase activity, endopeptidase activity,
neurotransmitter receptor activity, protein tyrosine kinase
activity, protein phosphatase binding, gated channel
activity, and ion channel activity (Figure 2A). These
molecular functions highlight the involvement of key
signaling and enzyme pathways critical to AD pathology.

In the biological process (BP) category, 1,643 terms
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were identified. The top 10 processes were responses
to drugs, oxygen levels, second-messenger-mediated
signaling, oxidative stress, reactive oxygen species (ROS)
metabolic processes, radiation, neutrophil degranulation,
neutrophil activation involved in immune responses,
decreased oxygen levels, and cellular responses to
peptides and calcium ion transport (Figure 2B). These
processes underscore the role of oxidative stress, immune
responses, and calcium signaling in AD pathogenesis,
all of which are key areas for potential therapeutic
intervention.

For the cellular component (CC) category, 120
terms were identified. The most enriched terms included
membrane rafts, membrane microdomains, membrane
regions, glutamatergic synapses, secretory granule
lumens, cytoplasmic vesicle lumens, vesicle lumens,
cell leading edges, dendritic spines, neuron spines, and
focal adhesions (Figure 2C). These findings suggest that
critical cellular structures involved in signal transduction
and synaptic function may play central roles in the
progression of AD.

KEGG pathway enrichment analysis revealed
103 associated pathways. The top 10 pathways were
neuroactive ligand-receptor interaction, microRNAs
in cancer, AD, neurodegeneration pathways common
to multiple diseases, the calcium signaling pathway,
prostate cancer, the cAMP signaling pathway, the
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PI3K/Akt signaling pathway, proteoglycans in cancer,
Parkinson's disease, and Huntington's disease. These
pathways provide further insight into how cellular
signaling, neurodegeneration mechanisms, and cancer-
related pathways overlap in the context of AD (Figure
2D). In particular, pathways such as the PI3K/Akt and
calcium signaling pathways are well-documented in their
involvement in neuronal survival, synaptic plasticity,
and neuroinflammation, which are critical to the disease
process.

By focusing on the most enriched GO terms and
KEGG pathways, the analysis reveals how agarwood's
active compounds may exert therapeutic effects on AD
through modulating biological functions such as protein
binding, immune activation, and neuroprotection. These
results not only provide potential therapeutic targets for
future AD treatments but also highlight the complex
interplay between neuroinflammation, oxidative stress,
and cellular signaling in AD pathology.

3.6. Drug-component-disease-target network
construction

The common target genes between agarwood and AD
were imported into Cytoscape software to build a drug-
component-disease-target interaction network (Figure 3).
This visual model provided insights into how agarwood's
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Figure 2. GO and KEGG enrichment analyses of common genes. Significant terms in molecular function (A), biological process (B), cellular

component (C), and KEGG pathways (D) associated with AD treatment.
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Figure 3. Drug-component-disease-target network diagram.

active components might interact with disease-related
targets.

3.7. PPI network analysis

The 122 potential targets of agarwood in AD were
further analyzed using the STRING platform, and a PPI
network was constructed in Cytoscape after filtering
out unconnected targets (Figure 4). The core target
interaction network, based on degree values calculated
via the cytoHubba module, revealed the top 10 hub
genes: HSP90AAI, HSP90ABI, NFKBI, TLR4, PTGS2,
KDR, CXCR4, IL6, EGFR, and AKT]I.

3.8. Expression of top 10 genes in different brain regions

To further explore the roles of the ten hub genes
(HSP90AA1, HSPY90ABI, NFKBI1, TLR4, PTGS2, KDR,
CXCR4, STATI, PTPN11, and GRB?2), we analyzed their
expression levels in 1,246 postmortem brain samples,
which included 684 from AD patients and 562 from
controls. The analysis focused on key brain regions
implicated in AD pathology: the entorhinal cortex,
hippocampus, temporal cortex, and frontal cortex (Table

1.

4

N\\\

In the entorhinal cortex, significant differences were
observed in the expression of GRB2, CXCR4, KDR,
TLR4, NFKB1 and HSP90ABI (Figures 5A, 5D, 5E, 5G-
51). Similarly, in the hippocampus, PTPN1I, CXCR4,
NFKBI and HSP90AB1 showed altered expression levels
(Figures 5B, 5D, 5H, 5I). In the temporal cortex, genes
such as GRB2, PTPN11, CXCR4, PTGS2, TLR4, NFKBI,
HSP90ABI and HSP90AAI, demonstrated differential
expression patterns (Figures 5A, 5B, 5D, 5F-5]J). Lastly,
in the frontal cortex, significant variations were primarily
observed for CXCR4 and NFKBI (Figures 5D, 5H).

3.9. CFG ranking for target genes

The CFG analysis ranked the importance of the ten
hub genes based on their association with Alzheimer's
disease (Table 2). GRB2 was regulated by five AD-
related genetic variants, HSP90AB1 by four variants,
and CXCR4 by three. According to GWAS, PTPN11 was
associated with three AD variants, while CXCR4 had one
AD-related variant. Additionally, TLR4 and PTGS2 were
each regulated by two AD variants, and NFKBI by one
variant.

Further analysis of physical interactions revealed
that several of these genes interact with key proteins
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Figure 4. PPI network of agarwood targets in AD.
Table 1. Gene expression in Alzheimer's disease across brain regions
Entorhinal Cortex Hippocampus Temporal Cortex Frontal Cortex
Gene
logfC  P-value FDR  logFC  P-value FDR  logFC  P-value FDR logFC  P-value FDR
HSP90AAI NA NA NA -0.14 0.096 0293  -0.36  0.009 0.046 0.11 0.177 0.327
HSP90ABI  -0.6 0.005 0.037  -0.29 0.032 0.155  -0.92 1.75E-06  0.000148231 -0.13  0.095 0.215
NFKBI 0.44 0.002 0.023 0.25 0.039 0.174 0.6 0.001 0.008 0.19  0.002 0.015
TLR4 0.48 0.003 0.027 0.21 0.075 0256 0438 0.014 0.063 -0.04  0.708 0.922
PTGS2 -0.07 0.702 0.82 -0.13 0.442 0.679 -0.46  0.01 0.05 -0.19  0.095 0.512
KDR 0.38 0.034 0.125 0.19 0.13 0349  0.14 0473 0.682 -0.12 0.458 0.826
CXCR4 0.8 0.0003  0.008 0.56 0.001 0.017 055 0.003 0.021 0.5 3.79E-05  0.002
STATI -0.17 0.12 0275  -0.11 0.218 0.465 -0.06  0.61 0.784 0.03  0.631 0.761
PTPNII NA NA NA 0.14 0.029 0.148  -0.31 0.024 0.093 -0.05  0.449 0.61
GRB2 -0.25 0.002 0.02 -0.06 0.308 0.561  -0.26  0.003 0.021 -0.05  0.373 0.537

Notes: logFC: logarithmic fold change, represents the fold change in gene expression, with positive values indicating upregulation and negative
values indicating downregulation. FDR: false discovery rate — adjusted P-value to account for multiple testing.

implicated in AD pathology, including APP, PSENI,
PSEN2, APOE, and MAPT. For instance: HSP90OAA1
interacts with APP, PSEN2, APOE, and MAPT;
HSP90ABI interacts with APP and PSEN1; NFKBI1
interacts with APP, PSEN2, and MAPT; TLR4 interacts
with PSEN2; PTGS?2 interacts with APP, PSEN1, MAPT,
and APOE; KDR and STAT1 interact with APOE;
CXCR4 interacts with APP and APOE; PTPN11 interacts
with APP, PSEN1, MAPT, and APOE; GRB2 interacts
with APP, PSEN1, PSEN2, MAPT, and APOE.

The PTPNI1I gene showed differential expression

early in the progression of AD, while NFKBI and STAT1
were strongly linked to the development of amyloid-
beta (AP) pathology. However, none of these hub genes
were directly connected to tau pathology. Based on the
CFG rankings, NFKB1, CXCR4, and PTPNI1I were
ranked 3, HSP90ABI, STATI, TLR4, PTGS2, and GRB2
were ranked 2, while HSP90AAI and KDR were ranked
1. This indicates varying degrees of influence on AD
pathology among these target genes.

3.10. Single-cell expression analysis of hub genes

www.ddtjournal.com



Drug Discoveries & Therapeutics. 2024; 18(6):375-386. 381

- e e * ns
- - 4 — & —
65 103 os 65
7 3
10 3 5
2 k 8 il
5 q 3 A
o5 6 55
bs 75 z
4 B 4 E 7 5
5. 3 T
5 9 s . . 7 X E
3 0 as
s 8.5 . 6.5 % 6 . 4
Control Control A0 Control a0 Control 0 = Control 20 Control a0 Control
Entorhinal Cortex Hippocampus P Entorhinal Cortex Hippocampus Temporal Cortex Frontal Connx
ns ns ne ne - - - .-
] " . 10 . .
T 7 7 8 8 .
535 : g
- 7
k . . s .
9 s J 7
s , 4 - 3 (5] G
- £
as a 6 6 s
- g 5 4
a 5 1 5 3 4
S 7 . 3 4 -
a5 - - . : 3
Control D Control 4D Control Control 4D Control Control Control A0 Control a0
Entorhinal Cortex Hippocampus. Temporal Cortex Frontal Cortex Entorhinal cam N.ppoeanws Temporal Cortex Frontal Cortex

6 o g 8 [
8 9
s 2 8 3 - 7
1 . ; : s
. sk 5 e S
¥ ‘ : , R :
3 s 5 . v~ 6 3
. E
— 4 4 . s 3 3
2
Control AD Control AD Control AD Control Control Control Control AD Control
Entorhinal Cortex Hippocampus Temporal Cortex Frontal Cortex Entorhinal Cortex Nlppolxmpus Temporal Cortex Frontal Cortex
b ns » ns -
. s . . s
7 8 e , 9 '. b
g s 5 :
5 R 6 7 s
@ 7 ] 8 .
5
4 5 s 6 7 s
" X
5 4 6 .
; g 4 s & : 4 .
4 < 5 P s . 5
Control AD Control AD Control AD Control Control AD Control Control AD Control AD
Entorhinal Cortex Hippocampus Temporal Cortex Frontal Oon.x Entorhinal Cortex Hlppoelmpus Temporal Cortex Frontal Cortex
s . ns - ns
°
12 o . 1 10 =
F 5 1 -
7 10 0 s bi
A w05 1 s
2 q
6 o 10 7 10 7
12 s
8 L o5 .
’ ’ : ) z H
9 1 o n 7
a 7 8 9
s
= 85 - '
Control Control Control AD Control 2 Control AD Control Control AD
Entorhinal Cm\ax Hlppoc.lmpus Temporal Cortex Frontal Conax Entorhinal Cortex Hippocampus Temporal Cof\.x Frontal Cortex

Figure 5. The expression levels of hub genes in different brain regions. Cross-platform nomalized expression level of GRB2 (A), PTPN11 (B),
STATI (C), CXCR4 (D), KDR (E), PTGS2 (F), TLR4 (G), NFKBI (H), HSP90ABI (1), HSP90AAI (J).

Table 2. CFG ranking and evidence for target genes in Alzheimer's disease

Gene eQTL  GWAS PPI Early DEG  Pathology cor (AB)  Pathology cor (tau)  CFG
HSP90AAI 0 0 APP, PSEN2, MAPT, APOE NA NA NA 1
HSP90AB1 4 0 APP, PSEN1 NA NA NA 2
NFKBI 1 0 APP, PSEN2, MAPT NA 0.731,*** 0.247, ns 3
TLR4 2 0 PSEN2 NA NA NA 2
PTGS2 2 0 APP, PSEN1, MAPT, APOE NA NA NA 2
KDR 0 0 APOE NA 0.064, ns 0.456, ns 1
CXCR4 3 1 APP, APOE no 0.104, ns 0.490, ns 3
STATI 0 0 APOE NA 0.789,%** 0.490, ns 2
PTPNI1I 0 3 APP, PSEN1, MAPT, APOE yes 0.175, ns -0.258, ns 3
GRB2 5 0 APP, PSEN1, PSEN2, MAPT, APOE NA 0.110, ns 0.138, ns 2

Notes: CFG (convergent functional genomics): The CFG score indicates the functional relevance of a target gene based on various lines of evidence.
Each significant piece of evidence contributes one point to the total CFG score, ranging from 0 to 5. Early DEG: Indicates whether the target gene
is differentially expressed in the early stages of AD. "yes" denotes differential expression, "no" indicates no significant differential expression, and
"NA" indicates a lack of available data. eQTL: Indicates whether the expression of a target gene is regulated by genetic variants associated with
Alzheimer's disease (AD). Genetic variant data are derived from the IGAP GWAS, with significance thresholds set at GWAS P < 1E-3 and eQTL P
< 1E-3. GWAS: Represents a direct association between the target gene and AD in GWAS studies (P < 0.05). If a significant association is observed,
the value is marked as 1; otherwise, it is 0. Pathology cor (AB): Refers to the correlation between target gene expression and AD pathology in AR
mouse models. "ns" denotes non-significant correlation (P > 0.05), ***P < 0.001). Pathology cor (tau): Refers to the correlation between target gene
expression and AD pathology in tau mouse models. "ns" denotes non-significant correlation (P > 0.05). PPI (protein-protein interaction): Indicates
significant physical interactions (P < 0.05) between the target gene and key AD-related proteins, including APP, PSEN1, PSEN2, APOE, and MAPT.
Interacting proteins are listed if a significant interaction is observed.
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Figure 6. Expression levels of hub genes in single brain cells. Expression level of GRB2 (A), PTPN1I (B), STATI (C), CXCR4 (D), KDR (E),
PTGS2 (F), TLR4 (G), NFKBI (H), HSP90AB1 (1), HSP90AA1 (J) in single brain cells. OPC, oligodendrocyte precursor cell.

Single-cell expression analysis revealed distinct
patterns of hub gene expression across various brain
cell types, including neurons, microglia, astrocytes, and
oligodendrocytes. These patterns underscore the potential
involvement of these genes in AD pathology.

Specifically, the expression levels of different
genes in oligodendrocyte precursor cells (OPCs)
showed significant variability (Figure 6). Genes such as
HSP90AA1, HSP90ABI, PTGS2, and KDR exhibited
low expression, while STAT! and TLR4 were moderately
expressed (Figures 6C, 6E-6G, 61, 6J). In contrast,
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NFKBI1, CXCR4, and PTPNI1I demonstrated high
expression levels in OPCs, suggesting their potential
roles in neuroinflammation and immune regulation
(Figures 6B, 6D, 6H). Additionally, GRB2 displayed
consistently stable expression levels across OPCs and
other cell types, highlighting its ubiquitous regulatory
function (Figure 6A).

For endothelial cells, which are critical components
of the brain vascular system, gene expression patterns
directly influence the functional integrity of the blood-
brain barrier (BBB). Analysis revealed high expression
levels of KDR, HSP90AAI, and HSP90ABI in endothelial
cells (Figures 6E, 61, 6J). Moderate expression levels
were observed for TLR4, CXCR4, PTPNI1, and GRB2,
whereas NFKBI1, STATI, and PTGS2 exhibited low
expression (Figures 6A-6D, 6F-6H).

4. Discussion

AD is a severe chronic neurodegenerative disorder
characterized by memory loss, cognitive decline,
behavioral and emotional abnormalities, and ultimately,
the inability to perform daily activities independently
(7). Despite significant advances in AD research,
the precise mechanisms underlying its pathogenesis
remain elusive. Studies have identified several critical
factors contributing to AD progression, including
neuroinflammation, AP plaque accumulation, tau protein
tangles, oxidative stress, and BBB dysfunction (3).

Given the complexity of these interconnected
pathological mechanisms, traditional single-
target therapies have shown limited effectiveness.
Consequently, multi-target therapeutic strategies
have emerged as a promising approach for combating
AD. In this study, we explored the potential
mechanisms by which agarwood may modulate key
AD-related pathological pathways, particularly in
neuroinflammation, neuroprotection, and vascular
function regulation.

Neuroinflammation is widely recognized as a
central driver of AD onset and progression (8). Chronic
activation of microglia, astrocytes, and OPCs leads to
the release of pro-inflammatory cytokines, chemokines,
and ROS. This toxic microenvironment exacerbates
neuronal damage and disrupts synaptic function, further
contributing to cognitive decline (9).

NFKBI is a pivotal regulator of neuroinflammation
(10). Studies have shown that its overexpression
is closely associated with AP accumulation and
upregulation of pro-inflammatory genes in AD pathology
(11). Our findings indicate that NFKB1 is highly
expressed in OPCs, suggesting its involvement not only
in inflammation signaling but also in amplifying immune
responses, which may impact myelin repair processes
(12). Interestingly, NFKB1 exhibits a dual role: while
it contributes to the inflammatory cascade, it may also
participate in resolving inflammation by promoting anti-

inflammatory pathways. This duality underscores its
potential as a therapeutic target. Modulating NFKB1
activity could reduce inflammation while preserving
neuronal function, offering a balanced approach to
mitigating AD pathology.

STAT1 plays a critical role in promoting the pro-
inflammatory (M1) phenotype of microglia and is
closely linked to AP and tau pathology (/3,74). In our
study, moderate STAT1 expression was observed in both
endothelial cells and OPCs, indicating its involvement
in immune regulation and vascular function. Agarwood-
derived compounds may inhibit excessive STAT1
activation, thereby reducing the expression of iNOS
and COX2, key mediators of oxidative stress and
neuroinflammation (/35,/6). Moreover, the antioxidant
properties of agarwood could further alleviate STAT1-
mediated neurotoxicity by mitigating ROS levels. This
dual anti-inflammatory and antioxidant effect highlights
the potential of agarwood-derived compounds in
addressing the multifaceted pathology of AD.

TLR4 is a key pattern recognition receptor that
detects damage-associated molecular patterns (DAMPs)
such as AP (17,18). Persistent activation of TLR4
amplifies neuroinflammation and impairs endothelial
function, contributing to BBB dysfunction. In our study,
moderate TLR4 expression was detected in both OPCs
and endothelial cells, suggesting its role as an innate
immune sensor involved in amplifying inflammatory
signaling (/9). Agarwood-derived compounds,
particularly terpenoids, have demonstrated inhibitory
effects on TLR4 signaling (20). By suppressing
TLR4 activation, these compounds may limit chronic
inflammation while preserving the structural and
functional integrity of vascular and neuronal systems.
This suggests that agarwood has potential as a multi-
functional therapeutic agent for mitigating TLR4-driven
pathology in AD.

BBB dysfunction is a critical pathological feature
of AD. In AD, increased BBB permeability allows
peripheral immune cells and toxic molecules to infiltrate
the central nervous system (CNS), exacerbating
neuroinflammation and neuronal damage. This study
identified several key genes, including KDR (VEGFR?2),
HSP90 family proteins, and TLR4, that play essential
roles in regulating BBB integrity and vascular function.

KDR, a key receptor in the VEGF signaling
pathway, promotes angiogenesis and endothelial cell
survival under normal conditions(2/). However, in AD,
aberrant VEGF-KDR signaling has been associated
with pathological angiogenesis, contributing to BBB
dysfunction (27,22). This study suggests that agarwood-
derived compounds may regulate KDR activity, restoring
normal angiogenesis, reducing vascular leakage, and
enhancing BBB functional integrity.

HSP90 family proteins, including HSP90AAT1 and
HSP90ABI, are highly expressed in endothelial cells
and play critical roles in mitigating neurotoxicity by
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facilitating the autophagic clearance of misfolded proteins
such as AP and tau (23,24). Agarwood's antioxidant and
anti-inflammatory properties may synergize with HSP90
family proteins, enhancing its ability to eliminate toxic
proteins while minimizing potential adverse effects.
This dual action highlights the therapeutic potential
of agarwood in protecting endothelial cells from the
pathological stressors associated with AD.

Activation of TLR4 in endothelial cells increases
the activity of matrix metalloproteinases (MMPs),
which degrade tight junction proteins and further
compromise BBB integrity (25). This process facilitates
the infiltration of peripheral inflammatory mediators into
the CNS, aggravating neuroinflammation. Agarwood-
derived compounds have been shown to inhibit TLR4-
related pathways, effectively reducing endothelial
inflammation and maintaining BBB barrier function.
This suggests that agarwood could play a protective role
in preserving vascular and neuronal homeostasis in AD.

OPCs play a pivotal role not only in myelin repair
but also in immune regulation (26,27). The high
expression of PTPNII is particularly critical for the
differentiation of OPCs into mature oligodendrocytes,
a process essential for restoring myelin integrity (28).
However, in the inflammatory microenvironment of
AD, the proliferation, migration, and differentiation of
OPCs are significantly impaired (29). Agarwood-derived
compounds may enhance PTPNI11 activity, promoting
myelin repair and restoring neuronal signal transmission.
Furthermore, OPCs exhibit increased expression of
genes involved in antigen processing and presentation
through the major histocompatibility complex (MHC)-
II pathway. OPCs expressing MHC-II contribute to the
activation of memory CD4+ T cells (30). In this study,
high expression levels of NFKBI, CXCR4, and PTPN11
were observed in OPCs, indicating their dual roles in
AD-related inflammatory and reparative pathways.

During embryonic development, OPCs are
positioned between perivascular cells and neuroglial
cells, directly contributing to the formation of the BBB
(31). Additionally, OPCs regulate the proliferation
of perivascular cells and influence the expression of
functionally relevant proteins in endothelial cells by
releasing regulatory factors (32). These findings suggest
that OPCs are not only critical for myelin formation and
repair but also play a key role in vascular regulation and
the maintenance of neurovascular unit homeostasis. This
dual functionality underscores the potential of OPCs as
therapeutic targets in AD and highlights the importance
of agarwood-derived compounds in supporting their
protective and reparative roles.

This study, through the construction of drug-target-
disease and PPI networks, elucidates the potential
mechanisms by which agarwood active compounds may
act on multiple targets to influence the progression of
AD. The active compounds in agarwood not only target
core genes related to neuroinflammation, such as NFKB]

and STATI, but also demonstrate significant effects
in regulating cholinesterase activity and mitigating
oxidative stress (33). These multi-target actions suggest
that agarwood may offer advantages over traditional
single-target drugs in AD therapy. By acting through
various synergistic mechanisms, agarwood compounds
have the potential to alleviate neuroinflammation, inhibit
pathological protein aggregation, and improve cognitive
function, providing a multidimensional therapeutic
strategy for AD.

Despite the promising findings, this study has several
limitations that should be acknowledged. First, the study
primarily relies on database-driven and bioinformatics
analyses, with data sourced from multiple public
databases, including TCMSP, GeneCards, STRING,
and AlzData. While these databases are supported by
extensive data and robust quality control measures, they
are still subject to biases and inconsistencies arising from
data origin, platform differences, and ongoing updates
in gene annotations. Although the databases provide a
preliminary framework for exploring the connections
between agarwood compounds and AD-related targets,
the results lack direct experimental validation. Thus, the
reliability of these findings must be further confirmed
through in vitro and in vivo studies.

Second, this study does not fully address
the complexity of agarwood components or the
pharmacokinetic and pharmacodynamic characteristics
of these compounds in vivo. Although initial screening of
active compounds was conducted using criteria such as
OB and DL, these standards may not comprehensively
predict the metabolic processes and ultimate biological
effects of these compounds in living organisms.
Agarwood contains numerous active compounds that
may produce metabolic byproducts or interact with each
other in vivo, and these factors were not extensively
examined in this study.

To overcome these limitations, future research
should involve animal models and clinical trials to
thoroughly investigate the metabolism, bioavailability,
and pharmacological effects of individual agarwood
compounds as well as their interactions. These studies
will provide a more detailed understanding of how
agarwood functions as a therapeutic agent and ensure the
translatability of these findings to clinical applications.

5. Conclusion

This study, through network pharmacology analysis, PPI
network analysis, and single-cell expression analysis,
reveals the potential multi-target mechanisms of
agarwood in the treatment of AD. Agarwood compounds
may modulate key inflammatory factors such as NFKBI1,
STAT1, and TLR4 to alleviate neuroinflammation; they
may enhance expression of HSP90 family proteins and
regulate the KDR signaling pathway to improve BBB
function; and they may promote the activity of PTPNI11
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and CXCR4, supporting the repair and remyelination
functions of OPCs, providing a multi-dimensional
approach for AD therapy. These findings not only
offer significant theoretical support for agarwood as a
candidate drug for AD treatment but also point the way
for the development of novel multi-target therapeutic
strategies. With its unique natural medicinal advantages,
agarwood has the potential to become an emerging
therapy for AD, offering tangible benefits to patients.
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SUMMARY

Keywords

Selpercatinib is a selective rearranged during transfection (RET) kinase inhibitor effective for the
treatment of RET-positive non-small cell lung cancer, thyroid cancer, and other cancers. However,
its clinical use requires careful management because of dose-dependent adverse effects and
pharmacokinetic interactions. Given the multiple factors influencing selpercatinib blood levels, we
hypothesized that establishing a therapeutic drug monitoring system for selpercatinib could help
reduce adverse events and optimize efficacy. Therefore, we herein developed a high-performance
liquid chromatography-ultraviolet (HPLC-UV) method for measuring selpercatinib blood levels to
facilitate therapeutic drug monitoring in clinical practice. Proteins were precipitated with acetonitrile,
and selpercatinib and the internal standard (gefitinib) were separated via HPLC-UV. The calibration
curve was linear over 0.5-8.0 pg/mL with a coefficient of determination (+?) equaling 0.9996. Intra-
and interday validation coefficients were both under 2.80%. The corresponding measurement precision
ranged from — 1.50% to 12.60% and — 1.32% to 7.50%, respectively, with recoveries exceeding
94.43%. Thus, this study establishes a simple and sensitive method for quantifying selpercatinib in
human plasma. Future studies will analyze plasma samples from patients treated with selpercatinib
and utilize this method to explore the relationships among plasma concentration, efficacy, and adverse
events to define the therapeutic concentration range.

targeted kinase inhibitor, clinical settings

1. Introduction

Selpercatinib is an adenosine triphosphate-competitive
and highly selective oral small-molecule inhibitor
of the rearranged during transfection (RET) kinase,
demonstrating efficacy and safety in the treatment of
RET fusion-positive lung and thyroid cancers and RET-
mutant medullary thyroid cancer (/-3). In a phase-3 trial
involving patients with advanced RE7-mutant medullary
thyroid cancer, the most common adverse events during
selpercatinib treatment were hypertension (42.5%),
dry mouth (31.6%), diarrhea, and elevated alanine
aminotransferase levels. Adverse events led to dose
reductions in 38.9% and dose interruptions in 56.0%
of patients receiving selpercatinib (3). Additionally,
chylous effusions, a newly identified treatment-related
adverse event, have been reported to occur in a dose-
dependent manner in patients with RE7T-mutant thyroid
cancer receiving selpercatinib (4).

As selpercatinib is metabolized by cytochrome
P450 (CYP)3A, its pharmacokinetics are affected by
CYP3A inhibitors or inducers (5,6). Furthermore,
the blood levels of selpercatinib decrease when it is
coadministered with drugs that increase intragastric pH,
such as proton pump inhibitors (6). Whereas the dosage
of selpercatinib in children is based on body surface
area, no such regimen exists for adults, which leads to
possible variations in blood levels depending on body
size (6). To the best of our knowledge, no studies have
examined the association between the blood levels of
selpercatinib and its efficacy or adverse events. Given
the multiple factors influencing selpercatinib blood
levels, we hypothesized that establishing a therapeutic
drug monitoring (TDM) system for selpercatinib could
help reduce adverse events and optimize efficacy.
Therefore, we aimed to develop a method for measuring
selpercatinib blood levels to enable TDM in clinical
practice.
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Currently, only liquid chromatography-tandem
mass spectrometry (LC-MS/MS) methods have been
reported for selpercatinib quantitation in human plasma
(7). LC-MS/MS enables rapid, accurate, and sensitive
drug quantitation across various biological matrices;
however, its high cost and maintenance requirements
limit its accessibility in hospitals. High-performance
liquid chromatography (HPLC) is more affordable than
LC-MS/MS and therefore suitable for routine clinical
use. Hence, we developed a high-performance liquid
chromatography-ultraviolet (HPLC-UV)-based method
for quantifying selpercatinib in human plasma.

2. Materials and Methods
2.1. Reagents and chemicals

Selpercatinib and gefitinib (internal standard, IS) were
obtained from MedChemExpress (Monmouth Junction,
NJ, USA) and Tokyo Chemical Industry Co., Ltd. (Tokyo,
Japan), respectively (Figure 1). HPLC-grade acetonitrile,
methanol, distilled water (Kanto Chemical Co., Inc.,
Tokyo, Japan), dimethyl sulfoxide (Fujifilm Wako,
Osaka, Japan), and KH,PO, (Fujifilm Wako, Osaka,
Japan) were used to prepare the HPLC mobile phase
and stock/working solutions. Human plasma (pooled)
collected with ethylenediaminetetraacetic acid (EDTA)-
2Na was purchased from Cosmo Bio Co., Ltd. (Tokyo,
Japan).

2.2. Equipment and chromatographic conditions

The chromatography system consisted of a Jasco HPLC

o/ OH
/ N

A 0
_ N
( > ) / N\
N N \ / .
/B
= A
Selpercatinib

L
O HN Cl
QWOmN

L
Gefitinib

Figure 1. Chemical structures of selpercatinib and gefitinib.

instrument (Tokyo, Japan) equipped with a pump (PU-
4180), a UV detector (UV-4075), and an autosampler
(AS-4550). Chromatographic separation was achieved
on a Capcell Pak C18 MG II (Osaka Soda, Tokyo, Japan)
reversed-phase column (250 mm x 4.6 mm i.d.) with
a Capcell Pak C18 MG II guard column (10 mm % 4.0
mm; Osaka Soda, Tokyo, Japan) at ambient temperature.
The mobile phase, a mixture of 0.5% KH,PO, (pH 4.5)
and acetonitrile (70:30, v/v), was delivered at a flow
rate of 1.0 mL/min over a 15 min run. UV detection was
performed at 240 nm.

2.3. Preparation of stock and working solutions
Selpercatinib and IS stock solutions were prepared
in dimethyl sulfoxide at a concentration of 1 mg/mL.
The selpercatinib stock solution was further diluted
with acetonitrile to obtain working solutions with
concentrations of 2.5, 5.0, 12.5, 20, 30, and 40 pg/mL.
The IS stock solution was diluted with acetonitrile to
a working concentration of 10 pg/mL. All stock and
working solutions were aliquoted and stored at — 60°C in
the dark.

2.4. Sample preparation

Prior to analysis, human plasma and working solutions
were thawed and vortexed. A protein precipitation
procedure was used to extract selpercatinib and the IS.
Blank plasma (50 pL) was spiked with selpercatinib
(10 pL), vortexed for 5 s, supplemented with the IS (10
pL) and acetonitrile (180 pL) at — 20°C, and revortexed
for 1 min. Subsequently, the sample was centrifuged at
15,000 g for 10 min at 4°C, and 10 pL of the supernatant
was directly injected into the HPLC system for analysis

(Figure 2).
2.5. Specificity

Samples collected from six lots of human plasma were
analyzed to determine whether the endogenous matrix
of these plasmas eluted near the retention time of
selpercatinib or the IS.

2.6. Calibration curves

Accuracy and linearity were evaluated by analyzing a
set of standards with concentrations of 0.5-8.0 png/mL.
Precision and accuracy were assessed using samples
spiked with selpercatinib at concentrations of 0.5, 1.0, 2.5,
4.0, 6.0, and 8.0 pg/mL.

2.7. Recovery

Recovery was evaluated by comparing the levels of
selpercatinib extracted from control plasma samples
of the six abovementioned concentrations with those
obtained for saline.
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Figure 2. Chromatograms of (A) blank plasma, (B) plasma containing selpercatinib at 0.5 pg/mL, and (C) plasma containing selpercatinib

at 4.0 pg/mL.

Table 1. Intra- and interday accuracy and precision of our method

. . Intraday (n =5)
Theoretical selpercatinib

Interday (n=5)

. Recovery (%)
concentration (pg/mL) Detected Detected
mean + SD CV (%) Accuracy (%) mean + SD CV (%) Accuracy (%)

(ug/mL) (ng/mL)
0.5 0.56 +0.01 2.08 12.60 0.54 +£0.02 2.80 7.50 96.51
1.0 0.99 +£0.02 2.24 -1.50 0.99 +0.02 1.53 -1.32 94.43
2.5 2.52+0.06 242 0.67 2.48 £0.03 1.33 —-0.90 96.80
4 4.00 = 0.06 1.62 —0.02 3.99 £ 0.05 1.35 -0.30 97.30
6 5.94+0.13 2.20 —-1.05 5.95+0.04 0.60 -0.87 96.71
8 8.07+0.18 2.22 0.91 8.00£0.11 1.33 —0.05 96.33

CV, coefficient of variation; SD, standard deviation.

Table 2. Stability analysis results (n = 5)

Theoretical selpercatinib

Stability condition (%)

concentration (pg/mL) Benchtop Short-term (24 h) Long-term (three months) Freeze and thaw
mean + SD mean + SD mean + SD mean + SD
0.5 99.13+£5.95 103.60 + 5.96 104.71 £ 6.55 105.81 £4.29
4.0 95.84 £ 1.67 97.98 £ 1.41 100.26 +2.73 98.09 £ 1.13
8.0 97.45+1.28 96.65 +0.81 101.12+1.34 99.09+ 0.93

2.8. Stability

Analyte stability in human plasma was tested at three
different concentrations (0.5, 4.0, and 8.0 pg/mL). For (i)
bench-top, (ii) short-term, (iii) long-term, and (iv) freeze-
thaw stability evaluations, the samples were stored for
(i) 6 h at 22°C, (ii) 4°C for 24 h, and (iii) one month at
— 60°C and (iv) subjected to three cycles of freezing
at — 60°C or below and thawing at 22°C. The samples
were analyzed using a calibration curve prepared with a
freshly spiked analyte, and the obtained concentrations
were compared with the nominal values.

3. Results and Discussion

We developed an HPLC-UV method to quantify
selpercatinib in human plasma, following the
analytical validation guidelines of the US Food and
Drug Administration. To the best of our knowledge,

selpercatinib concentrations in human plasma have
previously been determined only using LC-MS/MS (7),
which is prone to ion suppression and may misinterpret
samples containing multiple drugs with similar masses
(8). Moreover, the high cost and limited availability of
LC-MS/MS in general hospitals motivated us to establish
an alternative HPLC-UV method.

In our method, linear calibration curves for
selpercatinib were obtained over a range of 0.5-8.0 pg/
mL. The six-point selpercatinib standard calibration
curve was expressed as y = 0.2464x + 0.0071 (»*> =
0.9996). Table 1 lists the intra- and interday coefficients
of variation (CVs) and accuracies, with all CVs lying
below 2.80%. The intra- and interday accuracies ranged
from — 1.50% to 12.60% and — 1.32% to 7.50%,
respectively. Protein precipitation with acetonitrile
resulted in a high recovery of > 94.43%, whereas no
recovery data were provided by Gulikers et al. (7).
The results of stability testing (Table 2) demonstrated
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quantifiable results for each concentration (0.5, 4.0, and
8.0 ng/mL) under various clinical conditions.

The representative chromatograms of blank human
plasma (Figure 2A) indicated that selpercatinib and the
IS were well separated from the coextracted materials
under the employed chromatographic conditions, with the
respective retention times equaling 8.3 and 12.6 min. No
interference from endogenous plasma components was
observed at these retention times (Figures 2B and 2C).
Additionally, the analysis of six plasma lots confirmed
the absence of matrix effects near selpercatinib and IS
retention times. The analysis time (15 min) and plasma
volume (50 pL) of our method minimally exceed those
of a previously reported LC-MS/MS method (9.5 min
and 20 pL, respectively) (7).

Selpercatinib is administered orally at 160 mg twice
daily and has a half-life of 32 h, with the average steady-
state C,,,, [coefficient of variation (CV%)] equaling 2,980
(53%) ng/mL (6). Unlike the LC-MS/MS method, which
can measure plasma concentrations of 50-5,000 ng/mL
(7), our method has a quantitation limit of 50 ng/mL but
is still suitable for assessing plasma concentrations in
patients receiving selpercatinib, as selpercatinib trough
levels in clinical practice range from 1000 to 4000 ng/
mL.

Medullary thyroid cancer is a malignant tumor
primarily driven by RET gene mutations, particularly in
advanced cases with the RET M918T mutation (9). The
plasma inhibitory concentration (IC,) of selpercatinib for
the RET M918T mutation is 1.1 pg/mL (/0), suggesting
that a trough plasma concentration of > 1.1 pg/mL could
serve as a target therapeutic range for selpercatinib.
However, the relationship between adverse events and
trough or peak plasma concentrations remains unclear.

This study has certain limitations. RET fusions are
present in a variety of malignancies, including 1-2%
of lung cancers, 10-20% of papillary thyroid cancers,
and rarely in other solid tumors (/7). Consequently,
our method was not be used to evaluate selpercatinib
levels in patient samples. Additionally, we did not
assess the selectivity of this method with respect
to concomitant medications or their metabolites in
patients on selpercatinib. Future studies should confirm
selectivity in clinical samples from patients treated with
selpercatinib.

In conclusion, we have developed a HPLC-UV
method for determining selpercatinib in human plasma.
Future studies will examine plasma samples from
selpercatinib-treated patients and use the proposed
method to investigate the relationships among plasma
concentration, efficacy, and adverse events to define the
therapeutic target concentration range.
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SUMMARY Previously, we developed a dynamic magnetic field (DMF) device using neodymium magnets

that induced c-fos expression in cortical neurons, while activity-regulated cytoskeleton-associated
protein (Arc), and brain-derived neurotrophic factor (BDNF) remained unaffected. The precise signal
transduction pathway for c-fos induction under DMF was unclear. This study aimed to investigate
the mechanism of immediate early gene (IEG) induction using calcium channel blockers (CCBs).
Six experiments were conducted with cortical neurons, employing an NMDA receptor antagonist
and an L-type voltage-dependent calcium channel blocker as CCBs. Neuronal cultures were exposed
to DMF, CCBs, or both, and IEG expression (4rc, c-fos, BDNF) was measured through polymerase
chain reaction. Results showed a tendency for increased c-fos expression with DMF exposure, which
was unaffected by CCBs. In contrast, Arc and BDNF were not induced under DMF exposure but were
significantly inhibited by CCBs. These findings suggest that c-fos induction under DMF involves a

distinct pathway, potentially relevant to stress resistance and drug discovery.

Keywords

1. Introduction

We developed a dynamic magnetic field (DMF) device
based on Arago's disc principle (/,2). This DMF device,
using a rotating magnet, generates both electromagnetic
and Lorentz forces (Figure 1). When rat cortical neurons
were cultured under DMF with rotating neodymium
magnets, c-fos expression was induced, while a
transcription factor; activity-regulated cytoskeleton-
associated protein (Arc), and brain-derived neurotrophic
factor (BDNF) were not (2). This selective induction
suggests a distinct signaling pathway for c-fos, though
the physiological mechanism remains unclear.

c-fos functions as a marker for neuronal activation
(3) and is essential for neuronal excitability and survival
(4). Its molecular evolution might contribute to stress
resistance, such as from heat shock and ultraviolet (UV)
irradiation (3,06), as well as to the establishment of long-
term memory in engram cells (7). c-fos acts as a signaling
hub, playing a central role in both calcium-dependent
and calcium-independent pathways, including the cyclic
adenosine monophosphate (cAMP)-dependent protein
kinase A (PKA)-activated cAMP response element-

dynamic magnetic field, immediate early gene, cortical neurons, calcium channel blockers, c-fos

binding protein (CREB) and the stress-responsive p38
pathways (8,9). Understanding the unique signaling
pathways of c-fos not only helps unravel the evolution
from ancestral neurons to engram neurons but also holds
potential for new drug discovery, enhancing neuronal
survival, growth, and stress resistance.

In this study, to investigate c-fos's unique signaling
pathway, we examined the induction of immediate
early genes (IEGs) in primary cortical neurons using
calcium channel blockers (CCBs), N-methyl-D-aspartate
(NMDA) receptor antagonist amino-5-phosphonovaleric
acid (APV), and the L-type voltage-dependent calcium
channel (VDCC) blocker (nicardipine). This research
explores the distinct DMF response pathway in cortical
neurons that might contribute to c-fos expression.

2. Materials and Methods
2.1. DMF exposure system
The device comprises a stand for holding a cell culture

container, a rotating component made of acrylic resin
with a circular surface embedded with permanent
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Figure 1. Principle of Arago's Disk through Dynamic Magnetic
Field (DMF) exposure. When a magnet approaches an object, such
as a neuron, the magnetic force arising from its magnetic flux induces
electromotive force, leading to the flow of eddy currents. This process
also generates mechanical force within the neuron.

magnets (NeoMag Co., Ltd., Tokyo, Japan) and a control
device to manage the motor mounted at the center of the
rotating part, as previously described (2). The dish stand,
made of aluminum, has a 35.5 mm hole that fits a 35
mm diameter dish. The height of the stand is adjustable
to ensure the dish does not touch the magnets. In our
experiment, we set the minimum distance between the
dish and the magnets to 3 mm. The circular surface
includes ten rectangular neodymium magnets evenly
spaced from the center, with their N poles facing the
dish. The surface exhibits a magnetic flux density
of 484 mT (length 40 x width 6 x height 11 mm,
magnetization direction along the 11mm dimension).
The circular surface is driven by a Direct-current (DC)
motor (Pololu Co., Ltd, USA: item #4863, 20.4:1 metal
gearmotor 25 Depth x65 Length mm Motor Power 12
Volt with 48 count per revolution encoder), controlled
by a microcontroller (Arduino CC, Italy: Arduino Uno
R3) and a motor driver (Pololu Co., Ltd, USA : Dual
TB9051FTG Motor Driver Shield for Arduino) to
regulate the motor speed. Speed is controlled using PID
(proportional, integral, differential) control, by supplying
voltage to the motor, measuring the speed, and adjusting
the target RPM (revolutions per minute) every 0.3
seconds to achieve the desired speed. The ten default
magnets on the circular surface correspond to low speed
(30.0 rpm), middle speed (60 rpm), and high speed (240
rpm), with the speed adjustment knob set to achieve
frequencies of 5 Hz, 10 Hz, and 40 Hz, respectively. These
speeds can be modified to expose cells to frequencies
in the delta band (0.5-4 Hz), theta band (4-8 Hz), alpha
band (8-13 Hz), beta band (14-30 Hz), gamma band (30-
80 Hz), and high-frequency band above 80 Hz.

2.2. DMF exposure

Primary cultures of cortical neurons were obtained from
Sprague-Dawley rats at embryonic day 17 and cultured

until day 10 (Japan SLC, Shizuoka, Japan), following
the method detailed by previous papers (2,10). The
preparation and treatment of these cells were conducted
under the University of Toyama's Animal Care and
Experimentation Committee guidelines, approval number
A2022PHA-6. In brief, the cerebral cortex was extracted
from embryonic brains, treated with trypsin and DNase
I, and the resulting dissociated cells were seeded at a
density of 2.0 x 10° cells on poly-L-lysine (PLL) coated
dishes (AGC Techno Glass Co., Ltd., Shizuoka, Japan)
for Reverse Transcription Polymerase Chain Reaction
(RT-PCR). Half of the culture medium was refreshed
every 3 days. PLL, a positively charged synthetic
polymer, enhances cell adhesion by attracting negatively
charged molecules on the cell surface.

This research comprised 6 experiments with a total of
24 dish samples. Each experiment involved 4 conditions:
a vehicle control condition, a condition treated with
the NMDA receptor antagonist (APV) and the L-type
calcium channel blocker nicardipine (Nica), a no-
magnetic-exposure control condition, and a condition
exposed to a DMF. Gene expression was evaluated
immediately after 3 consecutive days of exposure,
comparing 4 groups: vehicle condition without DMF,
vehicle condition with DMF, APV + Nica without DMF,
and APV + Nica with DMF. The APV + Nica exposure
(APV: 200 pM, Nica: 5 uM) was administered 10
minutes before the first day of DMF exposure.

Preliminary experiments showed that y-band (40
Hz) exposure for 6 hours per day suppressed the effect
(data not shown). Hence, the neurons were exposed
to a rotating magnetic field of 484 mT at 40 Hz for
1 hour daily over 3 consecutive days. The exposure
setup was inside an incubator (MCO-5AC-PJ. PHC
Co., Ltd., Tokyo, Japan) with controlled temperature
(37°C), humidity (95%), and CO, concentration (10%).
A microcomputer-controlled the rotation speed of the
magnetic disks outside the incubator.

The study focused on the expression of IEGs such as
c-fos, Arc, and BDNF (exon IV-IX and CDS), which are
activity-dependent and essential for neuronal morphology
and function (/7). Gene expressions were normalized to
glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
a stable housekeeping gene. RT-PCR procedures and
primer sequences for c-fos, Arc, BDNF exon IV-IX,
BDNF CDS, and GAPDH are described as previous

paper (2).
2.3. Statistical analysis

All data are presented as the median (interquartile range).
Statistical analyses were performed using BellCurve for
Excel version 4.05 (Social Survey Research Information
Co., Ltd.). The expression levels of IEGs in cultured
cortical neurons were compared using one-way analysis
of variance (ANOVA) followed by Bonferroni's multiple
comparisons test for c-fos, Arc, BDNF CDS, and BDNF
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exon IV-IX. This comparison assessed the increase in
IEGs due to DMF exposure and the suppression of IEGs
due to CCBs exposure. Differences with a P-value < 0.05
were considered statistically significant.

3. Results and Discussion

In this study, primary cultured rat cortical neurons were
exposed to a rotating neodymium magnet for three
consecutive days, one hour per day, under continuous
40 Hz DMF exposure. The results showed that the
group median and interquartile range of c-fos mRNA
expression without DMF was 6.6 (3.4-9.4) (E-3/
GAPDH), compared to 7.6 (5.6-15.7) (E-3/GAPDH)
with DMF. For 4rc mRNA, the group median and
interquartile range without DMF were 9.2 (4.9-23) (E-4/
GAPDH), and 14.5 (7.9-23) (E-4/GAPDH) with DMF.
BDNF gene expression analysis focused on BDNF' exon
IV-IX mRNA, regulated in a neuronal activity-dependent
manner, and BDNF CDS (12,13). The group median and
interquartile range of BDNF CDS mRNA expression
without DMF was 16.3 (9.2-25) (E-3/GAPDH) and 15.8
(11.8-31.6) (E-3/GAPDH) with DMF. For BDNF exon
IV-IX mRNA, the group median and interquartile range
were 4.4 (1.8-6.2) (E-3/GAPDH) without DMF, and 5.2
(2.4-6.9) (E-3/GAPDH) with DMF.

Comparing IEG expression levels with and without
DMF exposure revealed a slight increase in c-fos mRNA
expression upon DMF exposure, consistent with our
previous findings (2), though it did not reach statistical
significance under stringent Bonferroni multiple
comparison testing. Arc and BDNF mRNA expressions
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(both CDS and exons IV-IX) did not show increased
expression upon DMF exposure, with no significant
differences observed.

Under conditions involving CCBs (APV + Nica),
median and interquartile ranges for c-fos mRNA
expression were 5.3 (3.9-11.9) (E-3/GAPDH) without
DMF and 5.4 (4.1-16.4) (E-3/GAPDH) with DMF. For
Arc mRNA, the group median and interquartile range
were 4.1 (2-8.5) (E-4/GAPDH) without DMF and 5.1
(2.8-7.5) (E-4/GAPDH) with DMF. BDNF CDS mRNA
expression showed median and interquartile ranges of
5.3 (4.7-8.8) (E-3/GAPDH) without DMF and 6 (4.4-
9.5) (E-3/GAPDH) with DMF. Lastly, BDNF exon IV-
IX mRNA expression was 7.1 (5-13.4) (E-4/GAPDH)
without DMF and 7.8 (3.8-12.7) (E-4/GAPDH) with
DMF. No significant induction of c-fos mRNA, Arc
mRNA, or BDNF mRNA (both CDS and exons IV-IX)
was detected with DMF exposure (Bonferroni multiple
comparison test, P > 0.05). However, when exposed to
CCBs, Arc mRNA and BDNF mRNA (both CDS and
exons IV-IX) were significantly inhibited (Bonferroni
multiple comparison test, P < 0.05), while c-fos mRNA
was not significantly affected (Bonferroni multiple
comparison test, P > 0.05) (Figure 2).

In this study, two major findings were revealed. 1)
Slight induction of c-fos mRNA by DMF exposure:
Cultured cortical neurons exposed to DMF showed a
slight increase in c-fos mRNA expression. This pattern
was reproducible and consistent with previous our
study (2). However, no corresponding increase in the
expression of Arc or BDNF (both CDS and exon I'V-
IX) was observed under DMF exposure. 2) Differential

b) Arc/GAPDH
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Figure 2. Inhibitory effect of calcium blockers (CCBs: APV + Nica) on the expression of immediate early genes (IEGs) under vehicle
conditions or dynamic magnetic fields (DMF) conditions. a) c-fos mRNA b) Arc mRNA c¢) BDNF CDS mRNA d) BDNF e4-9 mRNA. The box
plots exhibit the normalized group median and quartile range of IEGs in cultured cortical cells. The Y-axis represents the IEG mRNA normalized to
GAPDAH. Error bars indicate the maximum and minimum values. Statistical significance denoted by asterisks (*) (**) indicates P-values less than 0.05,
and P-values less than 0.01, respectively, based on the Bonferroni multiple comparison test.
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effects on gene expression by CCBs under DMF: Under
DMF exposure with CCBs, Arc mRNA and BDNF
mRNA (both CDS and exon IV-IX) were significantly
inhibited, while c-fos mRNA was not. These results
suggest that the selective induction of ¢-fos under DMF
is different from the calcium signaling pathways required
for Arc and BDNF expression and might play a different
role, such as in stress resilience, distinct from the roles of
Arc and BDNF in neuronal plasticity and maturation.

The hypothetical pathway of c-fos induction in a
DMF environment is summarized in Figure 3. Induction
of c-fos mRNA is usually promoted by calcium influx
through NMDA receptors and voltage-dependent calcium
channels (/4). However, since c-fos mRNA expression
was not inhibited under NMDA receptor antagonist
and L-type calcium channel blocker exposure in this
study, alternative pathways of c-fos induction need to be
investigated. Potential c-fos signaling pathways include
calcium-dependent pathways through T-type channels or
Transient receptor potential (TRP) channels, or calcium-
independent pathways through cAMP/PKA/CREB or
p38 stress pathways (8,9). T-type VDCC are known
for low-threshold pacemaker activity and have been
reported to induce mesenchymal stem cell proliferation
under a static magnetic field (/5). Additionally, TRP
channels, which respond to environmental stimuli such
as temperature and mechanical forces (/6), might also
respond to stress from DMF as they detect environmental
stress.

The evolutionary significance of c-fos is not yet

T-type
NMDA VDCC

receptor

Cytoplasm

Electromagnetic environment

TRP channel

Calcium-dependent pathways  Calcium-independent pathways
Ca2t

fully understood. Unlike pseudogenes that evolve
rapidly due to neutral mutations (/7), genes expressed
in the brain evolve slowly under selective pressure
(18,19). The stability of the c-fos gene might arise from
forming a stable activator protein-1 (AP-1) complex
with c-Jun, reducing its sensitivity to mutational
pressure during adaptive evolution (20). Therefore,
c-fos has been repeatedly utilized for various functions
by serving as a master switch that could convert short-
term responses to long-term responses (27), controlling
cell proliferation, apoptosis, and deoxyribonucleic acid
(DNA) repair (Figure 3). During the evolution from
unicellular to multicellular organisms 600-950 million
years ago, c-fos might have played a role similar to
tumor suppressor genes that promote multicellularity
(22,23). Under environmental selective pressures such
as UV radiation (6), gravity (24), c-fos might have
evolved to enhance stress resistance in early eukaryotic
cells and help neurons adapt to environmental
challenges. Increased levels of c-fos expression
might also confer stress resistance, as demonstrated
by increased resilience in mice with high levels of
Fos protein (25). Therefore, c-fos induction might
contribute to stress resistance, especially under extreme
environmental conditions.

There are several limitations to this study: 1) The
underlying mechanism of slight c-fos induction under
DMF exposure remains unknown. In the DMF device,
we hypothesized the presence of voltage-dependent,
mechanical force, and magnetic-dependent ion channels

Other DMF receptors

cAMP  p38

.

e
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(FOS-JUN)
K o

.

o
Diverse functions of c-fos ?

Neuronal differentiation,
Proliferation,

DNA damage repair,
Lipid synthesis

Stress resilience,
Engram formation

TS
c-jun mRNA

Figure 3. The hypothetical pathway of c-fos induction in a DMF environment. The transduction pathway responsible for inducing c-fos in the
DMF environment might involve mechanisms beyond the calcium-dependent pathway through L-type voltage-dependent calcium channels and
NMDA receptors. Instead, hypothetical transduction pathways, such as other calcium-dependent pathways (e.g., T-type VDCC, TRP channels)
or calcium-independent pathways (e.g., cAMP, p38), might exist. These pathways could potentially contribute to the acquisition of diverse and
significant functions by the c-fos gene during neuronal evolution in electromagnetic environments. Abbreviations: DMF: dynamic magnetic field,
TRP: transient receptor potential, NMDA: N-methyl-D-aspartate, VDCC: voltage-dependent calcium channel. The question mark (?) indicates an

unresolved issue.
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as DMF sensors (2), but no ion channels activated by
DMF have been discovered, and the physiological
mechanisms of DMF effects on neurons are unclear. 2)
The magnetic field strength used in this study (484 mT)
was much stronger than the geomagnetic field (30-50
uT). Therefore, it is necessary to investigate the strength,
frequency, and exposure duration of the DMF that could
induce both Arc and BDNF, which are more beneficial
for neurons. Neurons could mature into engram cells by
inducing Arc mRNA, which is essential for the formation
of neural circuits, synaptic plasticity, and memory
retention (26,27), and BDNF, which supports neuronal
survival and synaptic complexity (28,29).

Many animals, from honeybees and salmon to
migratory birds, utilize geomagnetic field for navigation
(30). However, little is known about the effects of
geomagnetic field on the evolution of neurons. In the
future, by using this device to expose neurons to a DMF
environment (approximately 30-50 pT) for an extended
period, it might be possible to elucidate how neurons
adapt to such conditions. Understanding the c-fos
induction signaling pathways in neurons under DMF
conditions is crucial for comprehending how neurons
have evolved in electromagnetic field (i.e. brainwave)
environments. Furthermore, elucidating the signaling
pathways involved in these processes could contribute
to the discovery of various drugs that enhance stress
resistance and promote synaptic maturation.
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SUMMARY

This paper presents a summary of seven cases of combined pulmonary and central cryptococcal
infection and analyses of their clinical features, treatment and prognosis. No clear correlation was
identified between the intracranial cryptococcal capsular antigen titre and either the intracranial
pressure or the amount of protein in the cerebrospinal fluid. Pulmonary lesions may develop in any
of the lung lobes and manifest in multiple forms. Infection at the central level is predominantly
meningitis. As the central cerebrospinal fluid (CSF) capsular antigen titre can be considerably
elevated even when serum capsular antigen titres are markedly low, lumbar puncture and subsequent
analysis are essential for every case of pulmonary cryptococcal infection. Patients with renal
insufficiency or who refused intravenous treatment opted for oral fluconazole therapy, and their

prognoses were favourable.

Keywords

Letter to the Editor:

Cryptococcosis is a major cause of morbidity and
mortality worldwide. Cryptococcus neoformans was
listed at the top of the WHO fungal pathogens priority
list in 2022 (/). Cryptococcosis often involves the central
nervous system (CNS) or the lungs and can disseminate
to any organ.

While numerous studies have examined the clinical
characteristics of pulmonary cryptococcosis and central
cryptococcosis (2-5), cases involving the coexistence of
pulmonary and central cryptococcosis warrant further
investigation. This paper presents a summary of seven
cases of combined pulmonary and central cryptococcosis,
allowing an analysis of their clinical features.

Patients were deemed eligible if they were admitted
to the Infectious Diseases Department at Zhongshan
Hospital, Fudan University, between January 1, 2012,
and September 30, 2024. Data regarding patient
demographics, clinical features, laboratory results,
pathogenic findings, treatments, and outcomes were
obtained from the Zhongshan Hospital Information
System. This project was approved by the Ethics
Committee of Zhongshan Hospital (Ethics approval
number B2024-276), and informed consent was
obtained from all the subjects or their legal guardians.
All research was performed in accordance with relevant
guidelines and the Declaration of Helsinki. All the data
were reviewed by two physicians (QQW and YS), and

Pulmonary cryptococcosis, cryptococcal meningitis, imaging characteristics, treatment, prognosis

any discrepancies in interpretation between the primary
reviewers were resolved by a third researcher (JP and
BJH). The data that support the findings of this study are
available from the corresponding author.

Patients with confirmed and clinical cases of
cryptococcosis were included. Confirmed cryptococcosis
was identified as a positive Cryptococcus culture from
any site. Clinical cryptococcosis was identified as
positive histopathology or cryptococcal antigen results
and clinical or radiographic evidence of disease (6).
The treatment duration refers to the period between
medication initiation to medication discontinuation.
Improvement days denote the period between medication
initiation and improvements observed on chest
imaging and review of lumbar puncture results. The
morphological features on CT scans can be categorized
as solitary nodules/masses, multiple nodules/masses,
consolidation, or diffuse infiltrates (nodules/masses with
consolidation) (5).

C. neoformans spores or yeast cells are ubiquitous in
the environment and are inhaled by immunosuppressed or
immunocompromised individuals. The yeast cells become
dehydrated and cause respiratory system infections. In
the event of a defective immune response, C. neoformans
can disseminate to various parts of the body, such as
the brain, kidney, and bone marrow. Various studies on
cryptococcal infection and dissemination indicate that
after pulmonary infection, it disseminates to the brain and
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can cross the blood-brain barrier (BBB) via paracytosis, " g g
transcytosis and the Trojan horse strategy (7,8). § 3 8
During our investigation, we identified a single % § ;5 o «g i
female patient with positive cultures for both pulmonary E; g3 g g E
and intracranial cryptococcal infections. Furthermore, the 3 % %% % 5
presence of a Cryptococcus infection at multiple sites in O-A<m
two patients without an underlying disease was a cause g 2w 7 -
for concern. No clear correlation was identified between g2l = =
the intracranial cryptococcal capsular antigen titre and 05
either intracranial pressure or amount of protein in the g E 8 8 8
cerebrospinal fluid in this study (Table 1). S E
The relationship between the Cryptococcus capsular =
antigen assay and intracranial infection has always ‘Dan%] % 5o
been worthy of further exploration. According to recent & g -
guidelines for managing a Cryptococcus infection, -
lumbar puncture examination for every patient with ] Tl o«
pulmonary cryptococcosis (9). However, in the past 10 = £ = "
years in our Infectious Diseases Department, according )
to the literature we reviewed, lumbar puncture has not 2T | 2 8
been routinely performed for patients without central & g -
nervous system symptoms, with lesions relatively limited
to the lung, and with a serum Cryptococcus capsular g o S &
antigen titre < 1:160 (/0). In the seven patients included - - -
in this study, no correlation was detected between the % 2|
serum and cerebrospinal fluid (CSF) capsular antigen & g ﬁ S §
levels. Notably, the central CSF capsular antigen titre g |- = 4
can be elevated even when the serum capsular antigen § 8
titre is markedly low. Consequently, lumbar puncture 5
and subsequent analysis are necessary for every case of ZQ: % 88 -
pulmonary cryptococcal infection. )
The morphological features on CT scans can be 5
categorized as solitary nodules/masses, multiple nodules/ 3‘ §O S
masses, consolidation, or diffuse infiltrates (nodules/ - & -
masses with consolidation) (//). Immunocompetent wdl o ¢ e
patients mainly present solitary nodules, whereas :l‘g s 8 3
immunocompromised patients present multiple nodules/ -
masses, consolidation, or diffuse infiltrates (/2). In our & %; A B
7 patients with pulmonary and central cryptococcal CE|lT ~
infections, lung imaging revealed any of the four forms 2
described above. The main cranial MRI findings were - ?Z;o;'\ -
basal meningeal enhancement (44.6%), dilated Virchow— f_i é« E S & Z
Robin space/pseudocyst, "dirty" cerebrospinal fluid =
sign, hydrocephalus, acute/subacute cerebral infarct, £ _
cryptococcoma, and hazy brain base in HIV-negative ? & é ST
adults (/3,14). Among our 7 patients, one presented § 7 R
with white matter lesions, which are rarely reported = e
in HIV-negative patients, and 5 patients had no brain é 9 2
parenchymal involvement (/5) (Figure 1). s % % _
Compared with CSF samples, lower respiratory tract f.ai E" ::5 ;i
samples presented less microorganisms. The mNGS E, N
positivity rate was higher in lower respiratory tract § =l gn % [i 32
specimens than in conventional cultures. Conversely, the _g = % g é § ‘]
culture results were more positive in the CSF samples = AaMT =
than in the mNGS samples. The sensitivity structure '% }:’o S 9 9
exhibited sensitivity to triazoles and amphotericin B A .
(Figure 2). o & |2 = =
Patients 1 and Patient 4 were eventually cured. In = s
= 4 — IS

www.ddtjournal.com

Pulmonary Nocardia
Infection

0.49
3.53
59

0.
0.18

119
117
121

125

3.8

38
2.7

23
120
51

>400
170
190
170

40
1:2560
1:640
1:2

1:

1:1280
1:2560
10

1:

>1:2560

354
43
1066

2.8
43

292
933
432

1.5
5.7
8.2

2.7

0.3
0.5
2.5

5.13
12.38
9.23

DM

47 None
47  Antiphospholipid Syndrome

45
26 None

M
M
M

F

WBC: White blood cell count. CRP: highly sensitive C-reactive protein. DM: Diabetes mellitus. MDS: Myelodysplastic Syndrome.
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Figure 1. Imaging of pulmonary lesions and intracranial lesions in 7 patients with cryptococcal disease.
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Figure 2. Microbiological findings and antifungal drug sensitivity results.
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Figure 3. Treatment regimen and duration, time to signs of improvement, drug concentration detection and prognoses.
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Patient 2, the fluconazole dosage was adjusted to 0.3 g
per day due to the presence of his renal insufficiency,
which was administered continuously. Patient 3 was
automatically discharged from the hospital because of
haematological disorders, a progressive decline in their
general condition, and continued progression of lung
lesions during the course of the disease. Patient 5 was
stable after a six-month period of hospitalization with
amphotericin B. He was discharged on oral fluconazole
therapy and subsequently lost to follow-up. Patient
6 was successfully treated for cryptococcosis but
ultimately died of COVID-19 pneumonia. At the time
of this report, Patient 7 has been on medication for 380
days (Figure 3).

According to the guidelines, an intravenous
regimen of amphotericin B or liposomal formulations
is recommended as the first-line treatment, and oral
fluconazole is used as a secondary option (9,/6). Oral
fluconazole may be considered for patients in better
overall health because of the prolonged duration of
intravenous amphotericin B administration. Three
patients with renal insufficiency and who refused
intravenous treatment opted for oral fluconazole therapy,
and their prognoses were favourable.
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Tables: All tables should be prepared in Microsoft Word or Excel and
should be arranged at the end of the manuscript after the References
section. Please note that tables should not in image format. All tables
should have a concise title and should be numbered consecutively
with Arabic numerals. If necessary, additional information should be
given below the table.

Figure Legend: The figure legend should be typed on a separate
page of the main manuscript and should include a short title and
explanation. The legend should be concise but comprehensive and
should be understood without referring to the text. Symbols used
in figures must be explained. Any individually labeled figure parts
or panels (A, B, etc.) should be specifically described by part name
within the legend.
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International System of Units (SI) should be used for physicochemical
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Supplemental data: Supplemental data might be useful for
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which will be only published online alongside the electronic version
of your article. Supplemental files (figures, tables, and other text
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