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Exploring herbs and their compounds for potential drugs is a significant research focus due to the incurable nature of Sjogren’s
syndrome (SS), a prevalent chronic inflammatory autoimmune disease. Dendrobium officinale polysaccharide (DOP) has
demonstrated diverse biological effects, particularly in immunomodulation. Nonetheless, limited research has been conducted on
DOP concerning the treatment of SS. This research aims to examine the impacts of DOP on experimental SS (ESS) mice and its
possible mechanisms. An ESS animal model was established using the immune induction method. Besides the control group, ESS
mice were randomly assigned to the model (distilled water), the HCQ (60 mg/kg), the DOP (43 mg/kg), the DOP (130 mg/kg), and
the DOP (390 mg/kg) groups. Drugs were treated for three weeks. The findings indicated that DOP enhanced saliva production of
ESS mice and diminished lymphocyte infiltration and foci in the submandibular gland (SMG). DOP also significantly down-
regulated the mRNA content of proinflammatory factors (TNF-q, IL-1§, and IL-17) and the expression of genes and proteins of
apoptotic factors (Bax and Caspase-3). Furthermore, DOP downregulated the BAFF and BAFF receptor (BAFFR) as well as Fas
and Fas ligand (Fas-L) expressions in the SMG. Our study demonstrates that DOP may reduce inflammation and apoptosis by
inhibiting BAFF/BAFFR and Fas/Fas-L signaling, thus producing therapeutic effects in ESS mice.

1. Introduction

Sjogren’s syndrome (SS), a prevalent autoimmune disease, is
characterized by chronic inflammation and affects the
mouth and eyes, causing dryness. Primary SS (pSS) is dis-
tinguished by the presence of dry mucous membranes and
tissue injury resulting from focal lymphadenitis, whereas
secondary SS (sSS) may be accompanied by additional
rheumatic conditions, including rheumatoid arthritis [1]. SS
incidence rate ranks second among rheumatic immune
diseases, with an epidemiological survey exhibiting

a prevalence of 0.29~0.77% in China [2]. Scholars have long
been interested in lymphocyte infiltration in affected tissues
and abnormal T and B lymphocyte activation, which are
significant immunological characteristics of SS because they
cause inflammation and apoptosis in the gland [1]. One of
the activities includes the BAFF (a TNF family B cell acti-
vation factor) synthesis, stimulating the B cell development,
extending the lifespan of fully developed B cells, and acti-
vating nearby T cells. BAFF accomplishes these functions by
attaching to BAFFR, a membrane-bound receptor on B cells
[3]. However, BAFF overexpression leads to excessive B cell
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activation, and the exocrine gland tissue is infiltrated by
a significant amount of autoantibodies and immune com-
plexes, ultimately leading to inflammation and dysfunction
of the gland. Studies have revealed that mice with BAFF
transgenes are prone to develop autoimmune diseases re-
sembling SS [4]. Therefore, BAFF and BAFFR are crucial in
developing SS. Furthermore, submandibular salivary gland
(SMQG) epithelial cell apoptosis is a significant factor in
developing SS [5]. The augmentation of apoptosis in SMG
epithelial cells of mice leads to the emergence of pSS-like
autoimmune disorders [6]. Among them, Fas and its ligand
Fas-L, crucial regulators of apoptosis, are considered sig-
nificant members of the regulatory induction family, in-
volved in the clearance of activated T cells, and play a vital
role in the induction of autoimmune diseases [7]. Hence, it is
crucial to investigate potential treatments that can decrease
inflammation and apoptosis related to the glands to treat SS
effectively.

Western medicine has limited and incurable drug op-
tions for SS, which can treat the disease while also causing
serious adverse reactions to patients, such as hydroxy-
chloroquine (HCQ), causing visual field loss, gastrointestinal
reactions, and liver toxicity [2]. According to traditional
Chinese medicine, SS is classified as “dry evidence.”
Treatments are designed to enhance the gland secretion in
the mouth, nose, and eyes, ultimately strengthening the
body’s ability to fight against illnesses [8]. Recent studies
have indicated that natural medicines or active components
exhibit positive outcomes in immunomodulation [9], re-
ducing inflammation [2] and anti-apoptosis [10] while
posing minimal side effects.

D. officinale, also known as Dendrobium officinale
Kimura et Migo, is a dried orchid stem that has beneficial
effects on the stomach and the production of fluid. It can be
used clinically for patients with fluid deficiency, dry mouth
and thirst, and deficiency heat after illness [11]. In our
investigation for herbal remedies against SS, we previously
examined the salivary-stimulating impact of D. officinale.
We discovered that this extract could enhance saliva
production in rats from the dry mouth syndrome model
group [12]. Recent studies revealed that D. officinale
polysaccharides have many pharmacological activities.
Wang et al. [13] discovered that D. officinale polysaccharide
(DOP) reduced TNE-«a levels, enhanced IL-10 production,
and promoted the Bcl-2 protein and other factor expres-
sions to preserve intestinal balance. Simultaneously, it
suppressed the Bax and Caspase-3 protein expressions to
safeguard against liver fibrosis. Jiang et al. [14] discovered
that DOP could hinder vascular calcification in chronic
kidney disease patients by exerting anti-inflammatory and
anti-apoptotic properties. During the clinical treatment of
pSS patients, DOP improves patients’ symptoms, especially
in improving dry mouth symptoms [15]. In contrast,
studies on DOP for SS and its specific mechanisms are
scarce and poorly defined.

Therefore, the objective of this study is to use DOP and
establish an experimental SS animal (ESS) model using the
immune induction method. The aim is to explore the
therapeutic impact of DOP on SS and its potential
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mechanism by assessing the salivary flow rate, lymphocyte
infiltration in SMG, and inflammatory and apoptotic factors
in mice.

2. Materials and Methods

2.1. Materials and Reagents. D. officinale was provided by
Zhejiang Tiefengtang Biotechnology Co., Ltd. (Wenzhou,
China) and identified by researcher Zhiguo Zhang. HCQ
was obtained from Shangyao Zhongxi Pharmaceutical Co.,
Ltd. (Shanghai, China). Pilocarpine was purchased from
Shandong Boshilun Furuida Pharmaceutical Co., Ltd.
(Shandong, China). Pentobarbital sodium was acquired
from Sigma (MO, USA). Freund’s Complete Adjuvant
(FCA) and Freund’s Incomplete Adjuvant (FIA) were
purchased from Biofroxx (Einhausen, Germany).

2.2. DOP Preparation. Fresh or dehydrated (dehydrated at
a temperature of 70°C, crushed, and powdered through a No.
4 sieve) D. officinale was treated with 95% ethanol and
extracted with water. The aqueous extract was filtered and
concentrated under reduced pressure, ethanol was added to
80% alcohol content, stirred and left overnight, and
centrifuged, and the precipitated part was dried to obtain
DOP. The phenol-sulfuric acid method [16] was used to
detect the polysaccharide content. The high polysaccharide
yield was taken as the subsequent experimental drug, and the
solution was prepared to the corresponding concentration
before use.

2.3. Animal Ethics and Treatment. Eight-week-old female
C57BL/6] mice (body mass: 18-22g) were obtained from
Hangzhou Medical College Experimental Animal Center
(Hangzhou, China) and housed in a specific-pathogen-free-
(SPF-) grade animal practical laboratory. The ESS mouse
model was established, referring to Guggino et al. [17].
SMGs were removed from C57BL/6] mice and homogenized
under aseptic conditions. The antigen concentration was
determined by diluting PBS buffer to 5 mg/mL, emulsifying
it to 2.5 mg/mL with the same volume of FCA, and setting it
aside. After one week of adaptive feeding, the mice were
injected with antigen at multiple points on the dorsal and
caudal roots on day 0, with a total of 1 mL/each, and another
booster injection on day seven. On day 14, SMG antigen was
emulsified to 2.5 mg/mL in FIA and injected as before. At the
fifth week, 50 mice of the ESS model with successful
modeling were evaluated based on their water intake and
salivary flow rate. Besides the control group, ESS mice were
randomly assigned to the model, the HCQ, the DOP (43 mg/
kg), the DOP (130 mg/kg), and the DOP (390 mg/kg) groups.
Each group was given distilled water, 60 mg/kg HCQ, 43 mg/
kg DOP, 130 mg/kg DOP, and 390 mg/kg DOP via gavage.
The control group was given distilled water via gavage. The
mice were gavaged continuously for three weeks and eu-
thanized at the end of the eighth week. The Animal Ethics
Committee of Hangzhou Medical College granted approval
for all experimental procedures (Number: 2021-054).
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2.4. General Observation of the Situation. The mice’s health
and hair loss were observed at the beginning of the ex-
periment. The mice were weighed and recorded weeKkly.

2.5. Feeding and Drinking Rate Measurement. The feeding
and drinking rates (g/h) of each group of mice were mea-
sured, recorded, and calculated weekly.

2.6. Salivary Flow Rate Measurement. The salivary flow rate
(mg/min) was measured weekly. Mice were anesthetized and
stimulated with an intraperitoneal injection of 0.5 mg/kg of
pilocarpine to measure salivary secretion. Saliva was col-
lected for 15 min.

2.7. Determination of Organ Indices. The mice’s SMG,
spleen, and thymus were removed from the ice box and
washed with saline at 4°C, and then the excess water and
blood were blotted on filter paper and weighed.

2.8. SMG Histological Analysis. After 48 h of immersion in
4% paraformaldehyde, the SMGs were embedded in paraffin.
The wax blocks were sectioned, stained with hematoxylin
and eosin (H&E), and evaluated using light microscopy. Two
methods were employed to determine the level of lym-
phocyte infiltration in SMGs. First, histological grading
determined the following: 1 = 1-5 leukocytic lesions; 2 =5 or
more lesions with no significant damage to the parenchyma;
3 =multiple foci of fusion with moderate degeneration of
parenchymal tissue; and 4 =extensive lymphocyte in-
filtration and parenchyma destruction. Second, the labial
gland biopsy was graded using the labial biopsy rubric in
three discrete areas of SMG sections: grade 0, no lympho-
cytic infiltrate; grade I, mild lymphocytic infiltration; grade
II, moderate lymphocytic infiltration but no infiltrative foci
were formed; grade III, one lymphocytic infiltrate foci per
4mm? and grade IV, two or more foci of lymphocytic
infiltration per 4 mm” (note: 50 lymphocytes per 4 mm? of
gland area refer to one focus of infiltration) [18].

2.9. Changes in Serum BAFF Levels Detected by Enzyme-
Linked Immunosorbent Assay (ELISA). An assay was per-
formed using a BAFF ELISA kit (Proteintech, Wuhan,
China). The absorbance was measured at 450nm and
630 nm using an enzyme marker (Thermo Fisher Scientific,
Shanghai, China).

2.10. Quantitative Real-Time Polymerase Chain Reaction
(qRT-PCR). The total RNA was extracted from SMGs using
Trizol reagent, followed by reverse transcription into cDNA
using the reagent kit from TaKaRa (Japan, #RR036A). The
qRT-PCR was performed using SYBR qPCR Master Mix
(Vazyme Biotech, Nanjing, China, #Q711). Primers for
polymerase chain reaction are shown in Table 1. The 27 24¢T
method was used for relative quantification.

2.11. Western Blotting (WB). After extracting proteins from
SMGs, they were separated using 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to polyvinylidene difluoride membranes (Mil-
lipore, USA). The blots were incubated with primary anti-
bodies, including Anti-Bax (1:1000; Abcam, USA,
#ab32503), Anti-Bcl-2 (1:1000; Abcam, USA, #ab182858),
Anti-Cleaved Caspase-3 (1 :5000; Abcam, USA, #ab214430),
and B-Actin Mouse Monoclonal Antibody (1:1000;
Biyuntian, China, #AF0003), at 4°C overnight, after being
closed with 5% (w/v) skim milk for 1 h at room temperature.
After 1h of incubation with goat anti-rabbit antibody at
room temperature, the signal was detected using an en-
hanced chemiluminescence kit (Epizyme, China, #5Q202)
reagent.

2.12. Immunohistochemical Analysis. BAFF (1:200; Bioss,
#bs-2431R), BAFFR (1:200; Bioss, #bs-2472R), Fas (1:
100; Proteintech, #13098-1-AP), and Fas-L (1: 200; Bioss,
#bs-0216R) expressions were detected in mouse SMG
tissue using immunohistochemistry. The positive ex-
pression cells were identified by the brownish color of
cytoplasm or cytosol. The representative value of the
section was determined for statistical analysis by taking
the average absorbance from four randomly chosen fields
of view.

2.13. Statistical Analysis. All data were expressed as
mean * standard deviation and statistically analyzed using
GraphPad Prism software version 9.5. Statistical differences
among groups were calculated with a one-way ANOVA
followed by the Dunnett posttest at a 95% confidence in-
terval. A significance level of less than 0.05 was deemed
statistically significant.

3. Results

3.1. DOP Extraction. The polysaccharides were obtained
from the fresh or dehydrated (dehydrated at 70°C,
crushed, and powdered through No. 4 sieve) D. officinale by
the water extraction and alcohol precipitation method
(Figures 1(a)-1(c)). The phenol-sulfuric acid method [16]
was used to detect the polysaccharide content. Based on the
mass of herbal samples, the polysaccharide yields were
10.16% and 34.89%, respectively. The dried product yielded
3.43 times more than the fresh product (Figures 1(d) and
1(e)), and the dried product of D. officinale is easier to
preserve, which can improve the stability of the experimental
samples. Therefore, the polysaccharides obtained from the
dry product preparation were used in subsequent experi-
ments. DOP composition has been studied, and it is a crude
polysaccharide composed of many different mono-
saccharides with different substance ratios [14, 16, 19, 20].
We summarized that these homogeneous polysaccharides
are composed of glucose, mannose, galacturonic acid, glu-
curonic acid, and galactose in different molar ratios via
specific structures (Figure 1(f)).
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TaBLE 1: Primers for polymerase chain reaction.

Primer Forward Reverse
TNF-« CCACGCTCTTCTGTCTACTG ACTTGGTGGTTTGCTACGA
IL-18 GCAGCAGCACATCAACAAGAGC AGGTCCACGGGAAAGACACAGG
IL-17 TGACGCCCACCTACAACATC CATCATGCAGTTCCGTCAGC
Bax AGCTGCAGAGGATGATTGCTG CTGATCAGCTCGGGCACTTTA
Bcl-2 GAACTGGGGGAGGATTGTGG GCATGCTGGGGCCATATAGT
Caspase-3 GAGATGGCTTGCCAGAAGATACC AAGGGACTGGATGAACCACGAC
BAFF CCACCGTGCCTCTGTTTTTG CTTCTGCGGAGTGATGGGAT
Fas AGGCCGCCCGCTGTTTTC ACGAACCCGCCTCCTCAGC
Fas-L GCCGCCACTGACCCCTCTAA CCACACTCCTCGGCTCTTTT
GAPDH TCCCACTCTTCCACCTTC CTGTAGCCGTATTCATTGTC
1.5 g 40
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(b) (e)
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FIGURE 1: DOP extraction. (a) D. officinale. (b) Dehydrated D. officinale powder. (c) DOP powder. (d) Glucose standard curve. (e¢) DOP
content in fresh and dehydrated products. (f) Structural formula of glucose, mannose, galacturonic acid, glucuronide, and galactose.

*** p <0.0001.

3.2. DOP Improves the General Condition of ESS Mice.
The ESS mouse model was established, referring to Gug-
gino et al. [17] (Figure 2(a)). From the third week onwards,
the antigen-injected mice exhibited dull hair color, hair
loss, tongue licking, mouth and lip scratching, and reduced
activity. As the disease progressed, this phenomenon be-
came more evident by the fifth week, and mice given an-
tigen immunization induction showed increased drinking
rate, significantly reduced feeding rate and salivary flow
rate, and petechiae on the back and tail with progressive
severity. Some mice also had skin ulceration (Figures 2(d)-
2(f)). After gavage administration of the drug, the hair loss
and skin ulceration of mice in each administration group
improved to different degrees compared to the model
group (Figure 2(b)). During the experiment, body weight
did not change in drug administration groups compared to
the model group (Figure 2(c)). Furthermore, after three
weeks of continuous administration, the feeding rate of the
model group mice decreased while the drinking rate in-
creased, exhibiting a significant disparity at week eight

(p<0.001). Following one week of treatment, the HCQ
(p<0.05), DOP (130 mg/kg, p < 0.05), and DOP (390 mg/
kg, p<0.01) groups displayed a noteworthy augmentation
in food intake compared to the model group. After two
weeks of treatment, the HCQ, DOP (130 mg/kg), and DOP
(390 mg/kg) groups exhibited a significant reduction in the
drinking rate (p <0.05). After three weeks of treatment, all
dosing groups exhibited therapeutic effects, with the HCQ
and DOP (390 mg/kg) groups demonstrating the best re-
sults (p<0.001, p<0.0001, Figures 2(d) and 2(e)). The
findings indicated a significant decrease in salivary flow
rate in the model group, gradually worsening as the disease
advanced. After one week of treatment, the DOP (390 mg/
kg) group exhibited a significant increase in salivary flow
rate (p <0.05). This increase continued in the DOP group
after three weeks of treatment, and the salivary flow rate in
the HCQ and DOP (390mg/kg) groups (p<0.0001)
approached those of the control group (Figure 2(f)). This
indicates that DOP can improve the hair and salivary se-
cretion of SS mice and has a certain improvement effect on
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their dry mouth and thirst symptoms. The efficacy of DOP
(390 mg/kg) is comparable to that of HCQ.

3.3. DOP Alleviates Organ Damage in ESS Mice. The SMG
has the most pronounced SS symptoms and pathologically
shows a large lymphocytic infiltration with cellular necrosis.
To a certain degree, the thymus and spleen indices can
indicate the strength of the body’s immune function. Our
experimental findings indicated that the SMG index and
thymus index decreased significantly (p < 0.0001), while the
spleen index increased significantly (p<0.0001) in the
model group of mice than in the control group. After ad-
ministering the respective medications, the SMG index and

thymus index increased significantly, while the spleen index
decreased significantly in all treatment groups than in the
model group. Notably, the HCQ, DOP (130 mg/kg), and
DOP (390 mg/kg) groups had the best effect (p <0.0001,
Figures 3(a)-3(c)). Except for the control group, histological
examination revealed that the SMG tissues of all groups of
mice had varying degrees of lymphocyte infiltration, with the
infiltrated lymphocytes mostly distributed around the blood
vessels and ducts. We utilized two histopathological as-
sessment techniques (histopathological score and lesion
count) to assess the extent of lymphocyte infiltration in the
SMG. The findings indicated that the model group exhibited
a significant severity of infiltration, primarily characterized
by increased lymphocyte infiltration foci and area of
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infiltrating foci, compared to the control group (p <0.0001).
Additionally, there were instances of blood vessels and duct
dilation, varying glandular vesicle sizes, and a minor number
of gland atrophy. However, following the application of
medication, there was a notable decline in histological
scores, lymphocyte infiltration, and reduction of foci in all
groups receiving treatment, particularly in the HCQ
(p<0.01, p<0.001) and DOP (p <0.01, 390 mg/kg) groups
(Figures 3(d)-3(f)). The above results demonstrated that
DOP could protect organs, such as SMG, thymus, and spleen
of ESS mice, from tissue damage due to autoantigen
immune-induced generation.

3.4. DOP Regulates the Inflammatory and Apoptotic Factor
Expression in the SMG of ESS Mice. The SMG is a non-
lymphoid organ with minimal immune cell infiltration
under normal conditions. In our experiments, the model
group exhibited a significant influx of lymphocytes in the
SMG. Imbalanced cell proliferation and the emergence of
diverse autoimmune disorders can arise from aberrant
control of apoptosis [21]. Therefore, we examined the effect
of DOP on inflammatory factor gene expression in the SMG
of ESS mice using qRT-PCR. The results revealed that DOP
curbed the proinflammatory factor (TNF-q, IL-1f3, and IL-
17) mRNA expression levels in the SMG of ESS mice after
three weeks of continuous administration of DOP. The
greatest changes in TNF-a were observed following DOP
(43 mg/kg) and DOP (390 mg/kg) stimulation, 1.48- and
3.14-fold, respectively (Figure 4(a)). DOP (390 mg/kg) sig-
nificantly downregulated IL-1f gene transcription (p < 0.05,
Figure 4(b)). DOP (43mg/kg and 390 mg/kg) down-
regulated IL-17 by 1.21- and 1.38-fold, respectively
(Figure 4(c)).

Next, we detected autoimmune-induced apoptosis. We
examined the apoptotic factor expressions (Bax, Caspase-3,
and Bcl-2) in SMG using qRT-PCR and WB. The results
demonstrate that DOP effectively reduced the Bax and
Caspase-3 mRNA and protein levels in the SMG of ESS mice.
Furthermore, DOP (390 mg/kg) had a greater inhibitory
effect than DOP (43 mg/kg) (Figures 4(d) and 4(f)-4(h)). It
is noteworthy that DOP (390 mg/kg) significantly increased
the protein expression of Bcl-2 (p <0.01), but there was no
significant change in Bcl-2 mRNA expression (Figures 4(e)
and 4(h)). As exposed above, large lymphocyte infiltration in
the SMG of ESS mice severely contributes to an in-
flammatory environment and apoptotic cell death, while
DOP can effectively regulate proinflammatory factors and
apoptosis in the SMG of ESS mice.

3.5. DOP Downregulates BAFF/BAFFR Expression in ESS
Mice. BAFF is an endogenous protein with a crucial
function in the B lymphocyte differentiation and pro-
liferation. The binding of BAFF to its receptor BAFFR
stimulates the anti-apoptotic gene transcription from the
Bcl-2 family, thereby extending B cell survival, inducing
inflammatory factor production, and causing autoimmune
disorder progression [3]. We assessed the BAFF levels in the
mice serum and analyzed the BAFF/BAFFR gene and

protein expression in SMG using qRT-PCR and immuno-
histochemistry to examine the impact of DOP on B cells in
ESS mice. The findings indicated that the BAFF concen-
trations in the mice blood were considerably elevated in the
experimental group than in the control group (p < 0.0001).
Following DOP administration, the BAFF levels in the se-
rum of ESS mice decreased dose dependently, with DOP
(390 mg/kg) significantly reducing the BAFF levels in ESS
mice (p<0.001) (Figure 5(a)). Meanwhile, DOP down-
regulated BAFF gene expression in SMG of ESS mice,
whereas DOP (43 mg/kg and 390 mg/kg) downregulated
BAFF gene by 1.24- and 1.96-fold, respectively (Figure 5(b)).
After three weeks of DOP administration, the immuno-
histochemical analysis revealed a significant decrease in
BAFF and BAFFR protein expression in the SMG of each
DOP dose group. The DOP (390 mg/kg) group exhibited the
most notable reduction (p < 0.0001, p <0.001, Figures 5(c)-
5(f)). The aforementioned results indicate that BAFF is
produced in the serum and SMG of ESS mice, causing B cell
recruitment and activation, amplifying the inflammatory
response, and destroying the SMG. DOP can downregulate
the BAFF and BAFFR expressions.

3.6. DOP Downregulates Fas/Fas-L mRNA and Protein Ex-
pression in the SMG of ESS Mice. Fas and its ligand Fas-L are
important apoptosis regulators and members of the regu-
latory induction family, closely related to autoimmune
diseases [7]. qRT-PCR and immunohistochemistry tech-
niques were employed to assess the Fas and Fas-L gene and
protein expressions in the SMG and the impact of DOP on
Fas and its ligand Fas-L in the SMG of ESS mice. The
findings indicated that the Fas and its ligand Fas-L mRNA
levels were considerably elevated in the SMG of the model
group than in the control group (p < 0.0001). However, DOP
significantly reduced Fas and Fas-L gene expression in the
SMG of ESS mice, with the most notable reduction observed
in the DOP (390 mg/kg) group, presenting a 3.02-fold de-
crease for Fas gene and a 2.38-fold decrease for Fas-L gene.
Additionally, DOP (43 mg/kg) downregulated the Fas gene
by 0.98-fold and the Fas-L gene by 1.55-fold (Figures 6(a)
and 6(b)). The immunohistochemical results revealed that
the Fas and Fas-L protein expressions were significantly
reduced in SMG of each DOP dose group after three weeks
of DOP administration. The reduction was most pro-
nounced in the DOP (390 mg/kg) group (p<0.0001,
p <0.01). Additionally, the immunohistochemical findings
agreed with the qRT-PCR results (Figures 6(c)-6(f)). The
aforementioned findings indicate that DOP can down-
regulate Fas and Fas-L expressions in the SMG of ESS mice,
possibly playing a regulatory role in apoptosis.

4. Discussion

The pathogenesis of SS is still unclear, and herbal medicine
has great therapeutic potential for SS. DOP is one of the
primary substance bases extracted from the stem of
D. officinale, and it is relatively nontoxic and has few side
effects [13, 14, 22, 23]. Extracting active ingredients has
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P <0.0001 vs. mice in the model group.

always been challenging in applying traditional Chinese
medicine. Extracting as many active components, such as
polysaccharides, from D. officinale can help improve the
application of D. officinale. Therefore, we investigated
whether there was a difference in polysaccharide extraction
from D. officinale using different pretreatment methods
(fresh or dehydrated). The findings indicated that the
dehydrated product’s yield was 3.43 times higher than the
fresh product’s yield. It was suggested that polysaccharide
yield could be significantly improved by pretreatment of

fresh D. officinale by drying, crushing, and passing the
powder through No. 4 sieve while maintaining all other
extraction conditions. Liu et al. [24] identified the poly-
saccharide extracted by the water extraction-alcohol pre-
cipitation method as D-Glcp and D-Manp with a ratio of
1.00:4.41. Li et al. [16] used Fourier transform infrared
spectrophotometer analysis and high-performance liquid
chromatography to identify the polysaccharides extracted by
the water extraction-alcohol precipitation method. The final
DOP identification consisted of mannose, glucose, and
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galacturonic acid, comprising 61.28%, 31.87%, and 2.53% of
the total mass, respectively. Thus, DOP is primarily com-
posed of monosaccharides, such as glucose, mannose, gal-
acturonic acid, glucuronic acid, and galactose, in various
molar ratios via specific structures. Many studies have
demonstrated the multiple therapeutic effects of DOP in
various disease models, such as immunomodulatory, anti-
inflammatory, antioxidant, and hypoglycemic [25]. How-
ever, few studies focused on DOP for treating SS. Therefore,
this study extended the potential mechanism through which

expression
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DOP protects the SMG from damage in a mouse model
of ESS.

Ideal experimental animal models are important to
explore disease pathogenesis. The study of human SS
pathogenesis has extensively utilized two primary categories
of animal models: spontaneous and induced. Spontaneous
animal models frequently produce SS symptoms secondary
to another disease, and the commonly used species include
NOD/Ltj mice, MRL/Ipr mice, and TGF-f1 knockout mice
[26]. Induced animal models are frequently induced using
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peptide antigens, protein antigens, and carbonic anhydrase
IT to mimic the manifestations of human SS. Commonly
used species include CD-1 mice, C57BL/6 mice, and BALB/c
mice. The morphological structure and functional meta-
bolism of the induced mouse model are altered, with im-
paired exocrine function of salivary glands, lymphocyte
infiltration in tissues, dilated blood vessels and ducts, at-
rophy of glandular vesicles, and autoantibody production
[27]. This study used an antigen-induced method to con-
struct an animal model of ESS, facilitating the investigation
of the effect of DOP on SS. Previous studies have demon-
strated that SS model mice produce significantly less saliva
than normal mice. Therefore, salivary secretion levels can be
used to determine whether SS occurs in mice [28]. This study
discovered that mice with antigen-induced SS model had
severe hair loss, increased water intake, and significantly
reduced food intake and salivary flow rate compared to
control mice. Pathological examination revealed lymphocyte
infiltration in SMG and lymphatic foci formation. This
suggests that the antigen-induced SS model mice possess the
pathological characteristics and laboratory diagnostic in-
dices of SS, indicating the successful construction of the ESS
mouse model.

This study demonstrated that DOP had a notable alle-
viating and therapeutic effect on disease progression in ESS
mice. DOP treatment reduced hair loss and drinking rate
and increased feeding rate and salivary flow in ESS mice. The
SMG index can be used as an objective evaluation index of
the functional status of the SMG in SS mice. The thymus and
spleen are the sites of immune cell formation and cytokine
production in mammals, constituting the body’s defense
system. Following antigenic stimulation, the immune re-
sponse is initiated in ESS mice. In the model group of mice,
the SMG index and thymus index decreased significantly,
while the spleen index increased significantly. Compared to
the control group, the SMG and thymus indicators notably
increased, while the spleen indicator significantly decreased
in mice subjected to DOP treatment. Histological exami-
nation, histological score, and number of lesions in the SMG
of mice revealed a decrease in histological score, lymphocyte
infiltration, and lesions in each treatment group, and SMG
tissue destruction was improved in ESS mice, especially in
the DOP (390 mg/kg) group. This suggests that DOP
treatment can improve the symptoms of dry mouth in ESS
mice and protect organs, such as SMG, thymus, and spleen,
from tissue damage due to autoantigen immune induction.

pSS is highlighted as a systemic immune inflammatory
disease caused by lymphocyte infiltration, reflecting its
highly hyperactive B lymphocyte function and abnormal T
lymphocyte function [1]. The epithelial cells of the exocrine
gland tissue recruit and activate B and T lymphocytes by
secreting cytokines. Numerous lymphocytes are observed to
accumulate into foci in the interstitium of the exocrine gland
tissue, disrupting exocrine gland function [29]. TNF-« is an
important proinflammatory factor that promotes phago-
cytosis of neutrophils, resists infection, induces cell pro-
liferation and differentiation, and significantly impacts
immune disorders [30]. IL-1f is an important mediator of
inflammatory responses, such as the reciprocal interaction
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between IL-1f and TNF-« frequently at inflammation sites
[31]. T-helper 17 (Th17) cells are key players in mucosal
diseases and inflammatory diseases and secrete the char-
acteristic cytokine IL-17 [32], which has been observed to be
present at higher levels in the peripheral blood of individuals
with SS [33]. Yamano et al. [34] reported that the mRNA
levels for inflammatory cytokines, including TNF-« and IL-
13, were markedly elevated in SMG tissues of NOD mice
than in the normal mice. Hwang et al. [35] discovered that
retinoic acid could alleviate SS symptoms by reducing IL-17
levels. Li et al. [2] indicated that treating NOD mice with
total peony glycosides could reduce TNF-« and IL-18 levels
in SMG and downregulate IL-17 mRNA expression in SMG,
which had a therapeutic effect on SS. In this study, the
proinflammatory marker expressions, including TNF-a, IL-
13, and IL-17, were markedly elevated in the SMG of mice in
the model group than in the control group. However, after
administering DOP, these levels were significantly reduced,
with the most pronounced effect observed at a dosage of
DOP (390 mg/kg). The findings indicate that DOP can
protect SMG by inhibiting the release of inflammatory
factors. However, additional research is required to explore
the precise mechanism.

SMG epithelial cells produce BAFF, recruit and activate
B cells, amplify the inflammatory response, and disrupt the
exocrine glands [36]. BAFF, a recent addition to the tumor
necrosis factor group, plays a crucial role in developing B cells
and prolonging B cell survival [37]. BAFFR is a specific receptor
for BAFF, and BAFF promotes the mouse B cell maturation,
prolongs the mature human B cell lifespan, and promotes
paracrine T cell activation primarily via BAFFR. BAFF binds to
BAFFR to promote the anti-apoptotic gene transcription of the
Bcl-2 family, preventing the transition of autoreactive B cells
from immature to mature process deleted, thereby prolonging
the B cell survival cycle and leading to autoimmune disease
development [3]. Therefore, BAFF and BAFFR are crucial in SS
pathogenesis [38]. Domestic and international studies dem-
onstrated a notable increase in BAFF levels in the peripheral
blood and tissues of individuals diagnosed with SS [39, 40].
Nevertheless, there are some conflicting data regarding BAFFR
expression [41-44]. Li et al. [2] identified that total peony
glucoside treatment of NOD mice downregulated BAFF
mRNA expression in SMG and positively impacted SS. Our
research indicated that the BAFF serum levels were consid-
erably elevated in the model group mice than those of the
control group. Additionally, BAFF’s gene and protein ex-
pression and its receptor BAFFR increased significantly in the
SMG. DOP could decrease the BAFF and its receptor levels in
ESS mice. This suggests that DOP can prevent pathological
autoimmunity by decreasing the BAFF and BAFFR levels,
eliminating self-reactive B cells at various stages.

The normal emission of apoptotic signals is necessary to
maintain immune cell homeostasis in vivo and to sustain
a normal immune response [45]. Increased levels of apoptosis
in SG epithelial cells can activate auto-reactive lymphocytes and
induce autoimmune diseases similar to pSS [6]. According to
suggestions, the abnormal immune response in SS patients is
closely related to their abnormal lymphocyte apoptosis [46].
Apoptosis has two major signaling pathways. When Fas
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specifically binds to the Fas ligand (Fas-L), it induces Fas-
expressing cells to initiate the apoptotic program [47]. Caspase-
3 is an important downstream effector protease of Fas/Fas-L.
When Fas and Fas-L specifically bind, Caspase-3 will be ac-
tivated, and direct action by Caspase-3 on functional proteins
of cells causes their cleavage and ultimately contributes to
apoptosis [48]. The self-reactive B cell elimination was observed
to involve the Fas system in immunodeficient mice [49]. Bcl-2
and Bax are key protein substances that regulate apoptosis. Bcl-
2 acts as an anti-apoptotic protein and inhibits apoptotic
protein activation. Bcl-2 overexpression enhances cell viability.
Bax, the most prominent member of apoptosis-promoting
proteins, has an antagonistic effect on Bcl-2. Overexpressed
Bcl-2 binds to Bax to form a dimer, inhibiting altered mito-
chondrial permeability and Bax activity, thereby impeding
apoptosis [50]. A study revealed reduced Bcl-2 protein ex-
pression and increased Bax and Caspase-3 protein expression
in NOD/Ltj mice [51]. Bcl-2, Fas, and Fas-L plasma levels in
individuals diagnosed with pSS appear to be associated with the
inflammation severity and present a notable increase compared
to those without the condition [7]. This experiment identified
that Fas, Fas-L, and Bax mRNA content, as well as Caspase-3
gene and protein expressions, were elevated in the SMG of mice
in the model group, and the Bcl-2 gene and protein expressions
were decreased. After DOP intervention, Fas, Fas-L, and Bax
mRNA content, the Caspase-3 gene and protein expression in
the SMG of ESS mice were decreased, whereas Bcl-2 protein
expression was increased, indicating that DOP could regulate
Bax, Bcl-2, and Caspase-3 expressions probably via the in-
hibition of the Fas system. Furthermore, the inconsistent Bcl-2
mRNA and protein expression in the SMG of ESS mice after
DOP administration may be influenced by BAFF and its re-
ceptor BAFFR and Fas and its receptor Fas-L. Further studies
can be conducted on the interaction between the BAFF/BAFFR
and Fas/Fas-L signaling pathways and SS in the future.

DOP, the primary active component of D. officinale, is
widely recognized as an immune-boosting medication due
to its traditional tonic properties, supported by a plethora
of literature. However, according to this experiment re-
sults, DOP not only has immune-enhancing effects [9, 52]
but also inhibits proinflammatory factors and apoptosis
via different pathways in a mouse model of hyperimmune
ESS, which provides a rationale for the role of DOP with
bidirectional immunomodulatory functions. Addition-
ally, our laboratory will further investigate the BAFEF/
BAFFR and Fas/Fas-L signaling pathways, as well as the
interaction between these two pathways, in the context of
the ESS mice experiment in which DOP treatment reduces
inflammation and apoptosis. Future research should focus
on more potential mechanisms of DOP treatment of SS
symptoms.

5. Conclusions

Based on the aforementioned experiments, our findings
suggest that DOP therapy reduces SS symptoms in ESS
mice, potentially by inhibiting proinflammatory factors
and apoptosis. The mechanism may decrease the BAFF/
BAFFR and Fas/Fas-L expression in serum or SMG, thus
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producing a therapeutic effect on SS mice. The present
research offers evidence and understanding regarding the
pharmacodynamic impacts of DOP in treating SS,
establishing the groundwork for its potential clinical
utilization.
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