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Urticaria, a

Chen et al.: Pharmacological Effects of Astragaloside IV

Urticaria symptoms and disease severity exhibit a 24 h cycle, with circadian rhythms influencing skin tissue
apoptosis. This study sought to evaluate the impact of astragaloside IV on core circadian gene expression and
cell apoptosis in mice with urticaria-like lesions. Sixty mice were allocated to three groups at random, including
a normal group (administered with saline), a model group (administered with ovalbumin and aluminum), and
an astragaloside IV group (50 mg/kg/d). Each group was further subdivided into zeitgeber time 0 and zeitgeber
time 12 subgroups. Allergic reactions, behavioral rhythms and histopathology were assessed in urticaria-like
mice. Serum concentrations of immunoglobulin E, histamine and leukotriene B4 were determined by enzyme-
linked immunosorbent assay; cell apoptosis was assessed by terminal deoxynucleotidyl transferase dUTP nick
end labeling technique; the levels of protein of p53 and B-cell lymphoma 2 were analyzed by Western blot
and immunohistochemistry, and reverse transcription quantitative-polymerase chain reaction was applied
to determine messenger ribonucleic acid levels of brain and muscle ARNT-like, circadian locomotor output
cycles kaput, period 2, and cryptochrome 1. The findings demonstrated that astragaloside IV significantly
reduced allergic and inflammatory responses in urticaria-like mice and lowered serum inflammatory factors.
Astragaloside IV also enhanced apoptosis in skin tissues by increasing p53 and decreasing B-cell lymphoma
2 levels. Furthermore, astragaloside IV elevated messenger ribonucleic acid levels of BMALI, circadian
locomotor output cycles kaput, and period 2, while reducing cryptochrome 1 expression in the suprachiasmatic
nuclei. Mice showed a greater therapeutic response to astragaloside IV at zeitgeber time 12. In conclusion,
astragaloside IV facilitates apoptosis and regulates circadian rhythm gene expression in urticaria-like mice,
with its effects being dependent on the timing of administration.
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prevalent cutaneous disorder, is

circadian rhythm adheres to a 24 h light/dark cycle,

characterized by localized edema resulting from
the dilation of small blood vessels within the skin
and mucosa, and an increase in permeability. It is
clinically characterized by the presence of wheals
of varying sizes along with pruritus and may be
accompanied by angioedema. In the early stage of
urticaria onset, mast cells are activated and undergo
degranulation, releasing Histamine (HIS) and
other vasoactive mediators such as prostaglandins,
leukotrienes and cytokines, collectively triggering
the occurrence of urticarial’l. A previous review
concluded that the symptoms’ intensity and disease
severity in numerous allergic conditions, including
bronchial asthma, atopic eczema and chronic
urticaria, exhibit a 24 h pattern?. In mammals, the
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originating from a central pacemaker situated within
the Suprachiasmatic Nucleus (SCN). This nucleus,
situated at the base of the hypothalamus, establishes
the internal circadian rhythm by receiving light
signals®®¥. At the molecular level, Circadian
Locomotor Output Cycles Kaput (CLOCK) and Brain
and Muscle ARNT-Like-1 (BMAL1) heterodimers
activate the transcription of the Period 2 (PER2)
and Cryptochrome 1 (CRY1) genes. PER and CRY
proteins then decrease their levels by restraining the
activity of CLOCK and BMALI1. With additional
post-translational ~modifications, this negative
feedback loop produces a clock protein level with a
roughly 24 h periodicity, which manifests as circadian
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behavior and physiology!*. Circadian rhythms
regulate various activities, including apoptosis, cell
cycle, energy metabolism, endocrine and immune
functions?®. Critically, it is well established that
circadian rhythms can participate in the apoptotic
process of skin tissues, which is considered crucial
for skin physiology!®. Apoptosis is the spontaneous
and orderly death of genetically controlled cells
aimed at maintaining homeostatic stability!”. B-cell
lymphoma 2 (Bcl-2) is a primary anti-apoptotic
protein that blocks the initiation of the apoptotic
process by blocking the release of apoptotic factors
from mitochondrial®. A prior investigation disclosed
that the concentration of Bcl-2 was correlated to the
mRNA expressions of PER2 and BMAL1P. p53, a
crucial tumor suppressor protein, is known for its
role in promoting apoptosis. Many studies suggested
that p53 can regulate cellular apoptosis by interacting
with circadian genes!'*!%,

Antihistamines, corticosteroids and
immunosuppressive agents are currently the primary
treatment options for urticaria. Antihistamines block
HIS receptors to reduce itching and inflammation.
Corticosteroids function as potent anti-inflammatory
agents, while immunosuppressive agents are reserved
for severe cases of urticaria, targeting the immune
system to reduce inflammation. However, these
agents are associated with significant side effects,
such as drowsiness, weight gain, osteoporosis and
immunosuppression, which limits their long-term
use. Hence, there is a pressing demand for a new
therapeutic approach with a more favorable safety
profile.

Astragaloside IV (AS-1V) is a purified compound
weight saponin exist in the root of Astragalus
aleppicus Boiss. (Fabaceae). It has been demonstrated
that AS-IV has various beneficial properties,
encompassing anti-inflammatory, anti-allergic and
anti-thrombotic abilities!"*!'¥, TImportantly, earlier
investigations have indicated the strong anti-
inflammatory and anti-allergic effects of AS-IV in
asthmal'®, allergic contact dermatitis!'® and allergic
rhinitist'”l. However, the exact mechanism of AS-
IV in the mouse models of Urticaria-like Lesions
(ULs) sensitized by Ovalbumin (OVA)/Aluminum
(Alum) remains unknown. Chronotherapy involves
drug administration based on daily biological
rhythms!®l. Previous studies have revealed that
differences in administration time can influence the
effects of medications!"*?"], which provide us with a
new perspective for treatment of urticaria. Circadian
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rhythm governs immune and allergic responses, with
endogenous glucocorticoids serving as Zeitgebers.
These glucocorticoids, receiving signals from the
SCN, help synchronize the peripheral clock?!. In
animals active at night, serum glucocorticoid levels
reach their maximum before and after the start of the
active phase (between Zeitgeber Time (ZT)-12 and
ZT16), and drop to their lowest point between ZTO0
and ZT4P%, Thus, this study evaluates the curative
effects and probable underlying mechanisms of AS-
IV at different time periods. ZT0 and ZT12 were
chosen to be the administration time points.

This investigation elucidates the chronotherapeutic
ability of AS-IV on circadian clock genes and
apoptosis in urticaria animal models. Our results
provide compelling evidence that AS-IV possesses
remarkable therapeutic promise in treating urticaria
by controlling the levels of circadian rhythm genes
associated with apoptotic factors. Moreover, our
investigation reveals that the administration of AS-
IV at ZT12 yields more efficacy compared to ZTO.
These discoveries open avenues for identifying new
therapeutic targets in the management of urticaria.

MATERIALS AND METHODS

Drugs:

AS-1V (purity, >98 %) was purchased from Hefei
Bomei Biotechnology; Co., Ltd., (Cat no: BZP0070).

Animals:

Approval for all animal experiments was granted
by the Animal Ethics Committee of Hospital of
Chengdu University of Traditional Chinese Medicine
(No: 2020DL-004). In total, 120 male BALB/c
mice (6 w old) were purchased in Chengdu Dashuo
experimental animal Co., Ltd., (Cat no: SCXK-2015-
030). Under optimal ventilation conditions, the mice
were housed individually in cages equipped with
running wheels, at 22°+2° 40 %-60 % humidity in
a colony room with a 12 h light/dark cycle (ZTO
means lights on at 7:00 am and ZT12 means lights
off at 7:00 pm), and were provided with unlimited
access to water and food ad libitum. Current study
adhered to the Animal Research Reporting of /n Vivo
Experiments (ARRIVE) guidelines.

Animal model and treatments:

Sixty mice were acclimated in a 12 h Light-Dark (LD)
rhythm and another 60 were acclimated in a fully Dark
(DD) environment. After 14 d of adaptation, mice in
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two different light regimes were, respectively and
randomly, divided into three groups (n=20); a normal
group (Normal Saline (NS)), a model group (OVA/
Alum and NS), and an AS-IV group (OVA/Alum and
AS-1V). Each group was further divided into ZTO
and ZT12 subgroups. Normal mice were randomly
divided into four groups, designated as LD-ZTO
normal, DD-ZTO0 normal, LD-ZT12 normal and DD-
ZT12 normal. The model mice were designated as
LD-ZT0 model, DD-ZT12 model, LD-ZT12 model,
and LD-ZT12 model and AS-IV mice were designated
as LD-ZT0 AS-1V, DD-ZT0 AS-1V, LD-ZT12 AS-1V
and DD-ZT12 AS-IV. The sample size calculation
was based on our previous study®, which indicated
that ten mice per group were necessary for this study.

To establish mouse models of ULs, the mice, except
those in the control cohort, were intraperitoneally
(i.p.) injected with a suspension of OVA (10 pg;
Hefei Bomei Biotechnology Co., Ltd., Hefei, China;
AL7512) and Alum (0.1 ml; Chron chemicals Co.,
Ltd., Chengdu, China; 21645-51-2) on d 0, 2, 4
and 14. At 24 h after the first injection with OVA
and Alum, normal and modeled mice were orally
administered with NS at ZT0 or ZT12 according to
the feeding time of each group, while the mice of
the AS-TV groups received AS-TV (50 mg/kg)!'7>* at
ZT0or ZT12 every day from d 1 to d 14. After that, in
accordance with the guidelines set by the institutional
animal care and use committee, cervical dislocation
was performed to sacrifice the mice on d 15. Briefly,
all mice were intraperitoneally anesthetized with
1 % sodium pentobarbital (45 mg/kg). Once the
mice reached a deep state of unconsciousness with
no reactions to stimuli, they were positioned in a
supine posture on a stable surface. Firm pressure is
applied at their base of the skulls, along with a sharp
pinching and twisting of the thumb and index finger.
At the same time, their tails were pulled backward,
which causes rapid death. Then, their skin tissues
were collected, and their eyeballs were removed for
collecting blood samples (500 pl). The brain of the
mice was extracted and encased in OCT before being
rapidly frozen at -80°. Using the Leica CM1850
cryostat slicer, coronal brain sections of 100 pm were
prepared, with a focus on collecting slices containing
the SCN and other sub-hypothalamic regions. The
middle area of the SCN was isolated using a 26G
needle on a 1 ml syringe under magnification as
previously described™!. Then, the isolated SCN was
frozen in liquid nitrogen for 24 h and subsequently
transferred to a -80° refrigerator for storage.
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Allergic reaction:

The hair color, appearance, water and food intake,
sleep, wurine output, body weight, scratching
behavior, lip and tongue color, fur color glossiness,
arched back, vertical hair, activity, stool and anal
conditions of the mice were observed and recorded,
and were used to assess the level of scratching and
the intensity of skin lesions in mice. The allergic
reaction score used was as follows; 0 means absence
of indications; 1 means scratching and rubbing near
the nose and head; 2 means reduced movement or
remaining stationary with heightened breathing or
puffiness around the eyes; 3 means audible breathing
difficulties, struggling to breathe and bluish
discoloration around the mouth and tail; 4 means
lack of activity even when stimulated, shaking and
seizures and 5 means fatality2%27],

Behavioral rhythms:

Daily wheel-running activities and the circadian
behavior of the mice before and after interventions
were recorded. The Clocklab2 rhythm data
acquisition system (ACT-500; Actimetrics) was used
to continuously and dynamically monitor the wheel-
running activities of mice and to collect the wheel-
running activity data hourly. Matlab (Math Works,
Inc.) was used to analyze the wheel running activity
data for each group of mice over the 14 experimental
days.

Pathological analysis:

The skin tissues were preserved in 4 %
paraformaldehyde, embedded in paraffin and then
sectioned. Next, the paraffin sections were routinely
dewaxed, rehydrated, stained with hematoxylin for 10
min and counterstained with eosin for 2 min. Finally,
the sections were dried, cleared and mounted. The
slices were sealed, and the histological features were
observed with a microscope at 100X magnification
(BA400 Digital; MOTIC CHINA Group Co., Ltd.).

Mast cell detection:

Paraffin-embedded sections were conventionally
deparaffinized, rehydrated, stained with 1 % toluidine
blue aqueous solution and dehydrated through an
alcohol gradient, xylene transparent, and neutral gum
sealing. When observed microscopically at 100X
magnification, the nuclei of mast cells were round or
elliptic and colored dark blue, while the cytoplasm
was filled with thick purplish red heterochromatic
particles, which were mainly distributed in the
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stroma. The mast cells had irregular shapes and
released purple particles extracellularly.

Serum detection:

The blood specimens were subjected to centrifugation
at 3000 g for 10 min at 4°, after centrifugation, the
serum was transferred and stored at -80°. Enzyme-
Linked Immunosorbent Assay (ELISA) kits (Cat no:
ZC-38496, ZC-37956 and ZC-39061; ZCiBIO) were
used to determine the amount of Immunoglobulin E
(IgE), Leukotriene B4 (LTB4) and HIS in the serum,
in compliance with the guidelines outlined by the
manufacturer. First, antibodies against IgE, LTB4
and HIS were immobilized onto a 96-well microtiter
plate. Second, the samples were introduced into
each well, allowing IgE, LTB4 and HIS to bind
to their respective antibodies immobilized on the
solid-phase carrier. Third, antibodies against IgE,
LTB4 and HIS were put in. After removing away
the unbound biotin-labeled antibodies, Horseradish
Peroxidase (HRP)-labeled avidin was added,
followed by 3,3',5,5'-Tetramethylbenzidine (TMB)
substrate for chromogenic detection. Subsequently,
the sample concentration was detected by measuring
the absorbance (Optical Density (OD)) value at 450
nm using a microplate reader.

Terminal Deoxynucleotidyl Transferase dUTP Nick
End Labeling (TUNEL) assay:

TUNEL kit (Servicebio Technology Co., Ltd., Cat
no: G1507) was utilized to determine apoptosis,
and the amount of apoptosis cells was recorded.
Initially, paraffin-embedded sections underwent
standard dewaxing and rehydration, followed by
antigen retrieval facilitated by incubating with a
proteinase K working solution (Wuhan Servicebio
Technology Co., Ltd.; Cat no: G1205). Subsequently,
the endogenous peroxidase activity was blocked with
3 % Hydrogen peroxide (H,0,). TUNEL and buffer
from the aforementioned TUNEL kit were mixed at
a 1:5:50 ratio. Thereafter, the sections underwent
treatment with a combination of streptavidin-HRP
and TBS-Tween at a dilution ratio of 1:200. Finally,
samples were treated with 3,3’-Diaminobenzidine
(DAB) chromogenic reagent and counterstained
with hematoxylin staining solution. The quantity of
apoptotic cells was counted by a light microscope
at 400X magnification. Three arbitrary visual fields
were chosen per section, and the relative proportion
of apoptosis, defined as the percentage of apoptotic
cells among the total cell count in each field, was
counted. The average value of the apoptotic cell rate
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of each group was also determined?®®.

Immunohistochemistry (IHC):

IHC was utilized to assess the levels of p53 and Bcl-
2 proteins in mouse skin tissue. Briefly, paraffin-
embedded sections were deparaffinized, rehydrated
and incubated with antibodies against p53 (AB
clonal Biotech Co., Ltd.; Cat no: A11232) or Bcl-2
(AB clonal Biotech Co., Ltd.; Cat no: A19693) at 4°
overnight, followed by cultivation with biotinylated
secondary antibodies and staining with a DAB
(immunohistochemistry color development) kit
(OriGene Technologies, Inc.; Cat no: ZLI9019). In
total, three visual fields were randomly selected under
200X light microscope, three microscopic views were
unpredictably chosen under a 200X magnification
light microscope, and the Integrated OD (IOD) was
employed for semi-quantitative scoring. The images
were assessed by a second pathologist, who was
unaware of the research data, applying image-pro
plus 6.0 software (Media Cybernetics, Inc.).

Western blotting:

The skin tissue of the mice was cut into 30 mg with
clean and disinfected scissors and lysed in ice-cold
Radio-Immunoprecipitation Assay (RIPA) lysis
buffer (Beyotime, P0013C, Beyotime Institute of
Biotechnology, Shanghai, China) supplemented with
protease and phosphatase inhibitor (Solarbio Life
Sciences, China), broken by ultrasound and incubated
on ice for 30 min. The protein lysate underwent
centrifugation at 12 000 g for 10 min at 4° and the
supernatant was harvested. Protein concentrations
were quantified using the Bicinchoninic Acid (BCA)
protein assay kit (Beyotime, P0012S, Beyotime
Institute of Biotechnology, Shanghai, China). Total
proteins were heated at 100° for 10 min in 5% loading
buffer to induce denaturation. 20 mg of total protein
in each lane underwent Sodium Dodecyl Sulphate-
Polyacrylamide Gel Electrophoresis (SDS-PAGE)
and subsequent transfer onto a Polyvinylidene
Fluoride (PVDF) membrane (Merck Millipore Ltd.,
Germany). The membrane was sealed using 5 % milk
powder solution for 2 h, followed by cultivation at 4°
with antibodies against p53 (1:1000; Cat no: AP062;
Shanghai Beyotime Biotechnology Co., Ltd.) or
Bel-2 (1:1000; Cat No: AB112; Shanghai Beyotime
Biotechnology Co., Ltd.) overnight. Following this,
the membrane underwent Tris-Buffered Saline with
0.1 % Tween® 20 (TBST) detergent washing and
subsequent incubation with the secondary antibody

Special Issue 4, 2024



www.ijpsonline.com

(1:5000, Goat anti-mice IgG, Cat no: GB23301,
Servicebio) or (1:5000, Goat anti-rabbit IgG, Cat no:
G1213, Servicebio) at 37° for 1 h. Thereafter, the
membrane underwent three washes with TBST for 5
min each, followed by visualization using Enhanced
Chemiluminescence (ECL) liquid (Biosharp Life
Sciences, China). The gray values of each blotted-
protein band were calculated by Imagel] software.
The relative protein contents were expressed as the
proportion between the gray values of the target
protein strip and Glyceraldehyde 3-Phosphate
Dehydrogenase (GAPDH).

Reverse Transcription-quantitative
Chain Reaction (RT-qPCR):

Polymerase

The collected mouse brain tissue was stored at -80°
until processed, and total RNA from tissues was
purified using the total RNA isolation kit (Foregene
Biotechnology Co., Ltd., Cat no: RE-03014). We
evaluated the concentration and purity ratios of RNA
using the NanoDrop 2000/2000¢c Spectrophotometer
(Thermo Fisher Scientific, Inc.). Next, complementary
Deoxyribonucleic Acid (cDNA) was synthesized
from RNA applying a reverse-transcriptase, and
the target fragment was amplified using cDNA as
a template. The thermocycling proceeded with an
initial denaturation at 95° for 30 s; followed by 45
cycles of denaturation at 95° for 6 s and annealing
at 55° for 30 s. Finally, there was an extension step
at 72° for 30 s. B-actin was utilized as the positive
reference gene. Applying the Quant Studio RT-PCR
Software (Thermo Fisher Scientific, Inc.) to analyze
the threshold Cycle (C) values of every sample
detected during the PCR procedure and the 2-44¢
approach was applied to calculate the relative mRNA
levels?!. The variability inter-technical replicates
and inter-plates were analyzed by calculating the
Coefficient of Variation (CV) of the C values for
each gene. The CV values were <5 %, indicating
good reproducibility of the assay. Table 1, shows
the designed primer sequences (National Center for
Biotechnology Information Search database).

Statistical analysis:

Statistical analyses utilized Statistical Package for
the Social Sciences (SPSS) v26.0 software (IBM
Corp.). All experiments were separately performed
thrice and the data is displayed as the mean+standard
deviation. Group disparities were assessed via
Analysis of Variance (ANOVA), and post hoc tests
using Tukey’s and Dunnett’s T3 methods were
conducted. Statistical significance was defined at a

Special Issue 4, 2024

threshold of *p<0.05.
RESULTS AND DISCUSSION

No abnormalities were observed in the normal
mice groups. After sensitization, mice exhibited
varying degrees of pruritus, thrusting, dorsal
arching, piloerection and decreased dietary intake
and activity. Treatment with AS-IV ameliorated
the aforementioned clinical symptoms to varying
extents. No mice died during the experiment. The
allergic reaction score of the mice is depicted in fig.
1 A. Remarkably, no notable distinction was observed
between the ZT0 and ZT12 group.

Pathological irregularities were distinctly evident
in biopsies of urticarial lesions in model mice
when contrasted with the skin of normal mice. The
cutaneous tissues in the model groups exhibited
incompleteness, with disordered dermal edema and
thearrangementofcollagen fibers in the dermal papilla
layer. There was serious exudation; the collagen
fiber staining was lightened, and the gap between
collagen fibers was widened. Blood vessels showed
dilation, with limited inflammatory cells infiltration
around them. AS-IV significantly improved the
pathological morphology of UL mice, as evidenced
by the reduction in dermal edema, collagen bundled
distance, and capillary dilation (fig. 1B). In summary,
AS-1V was able to improve UL pathological changes
in mice. One of the most common triggering factors
of urticaria is mast cell degranulation induced via
the high-affinity IgE receptor®®!. Therefore, toluidine
blue staining was performed to examine whether AS-
IV could effectively ameliorate mast cell activation.
Normal mice skin exhibited few purplish-red mast
cells. A significantly higher number of released mast
cells and granules were observed in the model cohort
than in the normal cohort, indicating an obvious type
I allergic reaction in UL mice. After used AS-IV, the
quantity of mast cells and degranulation in the skin
tissue of mice significantly decreased (fig. 2A and
fig. 2B). Hence, AS-IV exhibited notable capability
in reducing mast cell infiltration and inhibiting
the heightened degranulation reaction. One of the
most common triggering factors of urticaria is mast
cell degranulation induced via the high-affinity
IgE receptor®®. Therefore, toluidine blue staining
was performed to examine whether AS-IV could
effectively ameliorate mast cell activation. Normal
mice skin exhibited few purplish-red mast cells. A
significantly higher number of released mast cells
and granules were observed in the model cohort than
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in the normal cohort, indicating an obvious type |
allergic reaction in UL mice. After used AS-IV, the
quantity of mast cells and degranulation in the skin
tissue of mice significantly decreased (fig. 2A and
fig. 2B). Hence, AS-IV exhibited notable capability
in reducing mast cell infiltration and inhibiting the
heightened degranulation reaction.

We calculated the average activity of mice (n=10) in
each group. In the LD 12/12 cycle grouping, mice
in the normal group had regular activity tracks (fig.
3A), but in the model group, the activity patterns of
the UL mice were more widely distributed, exhibiting
sudden and unpredictable changes under free-
running conditions. On the 24, 3%, 4% 5t 6t and 10"
d, the activities of mice showed abnormal circadian
rhythm, with more activities recorded in the light
environment (of note, mice are nocturnal animals).
The total activity decreased for 14 d, leading to a

TABLE 1: PRIMER SEQUENCES

significant decrease in the dark/light activity ratio
(fig. 3B), indicating fragmented rest-activity rhythms
and unstable circadian rhythms. The round-running
activity of AS-IV group mice eliminated this trend,
and the drug administration at ZT12 time showed a
better activity effect. In LD, the diurnal frequency of
mice was maintained in the light cycle (fig. 3C). In
the DD group, the circadian rhythm shifted forward,
and a noteworthy reduction in the amplitude of the
rhythm was noted (p<0.05), indicating that resting
activity rhythm was fragmented and less robust,
and the overall activity of the mice was markedly
reduced (fig. 3D), signifying an impact on the
circadian rhythm pattern of mouse behavior. After
AS-1V treatment, the activity tracking of mice tended
to a stable rhythm, and mice in the ZT12 group
exhibited significantly heightened mobility and a
more consistent trajectory (p<0.01).

Accession number  Gene Size (bp) Upstream (5°-3’) Downstream (5°’-3°)
NM_007393.5 B-actin 187 GAAGATCAAGATCATTGCTCC TACTCCTGCTTGCTGATCCA
NM_011065.5 PER2 174 AAGTGACCTGCTCAACCTCCTTCTGG  AACTGCTCGCTTTCCTCCGTGTCTG
NM_007771.4 CRY1 218 TGAGGCTGGCGTGGAAGTCATCGT TGGCATCTCCAGTGGCTCCATCTTG
NM_007489.4 BMAL1 164 AGTGGTGTGGACTGCAATCGCAAGAG TGAACAGCCATCCTTAGCACGGTGAG
NM_007715.3 CLOCK 184 TCCAAGTCAGACACCGAGCACTCTCA  TGTGGCGAAGGTAGGATAGGCAGTCA
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Fig. 1: (A): AS-IV ameliorates the allergic reaction and urticaria histopathology in mice and (B): Dorsal skin from mice in three
groups was stained using hematoxylin and eosin (magnification, 100X). The blue arrow points to dermal edema, the black arrow
points to widening of collagen fiber bundles, the green arrow points to telangiectasia and the yellow arrow points to inflammatory
cells

Note: **p<0.01 vs. normal group and *p<0.05 vs. model group. The data was represented as meantStandard Error of the Mean
(SEM) (n=10)
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dorsal skin of mice (100X) and (B): Mast cell density in the skin (n=10)
Note: *p<0.05, **p<0.01 vs. normal cohort and “p<0.05 vs. model cohort. The data was represented as mean+SEM
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Fig. 3: AS-IV modulates the circadian behavior of mice with ULs, (A): Representative locomotor activity records of each group; (B):
Effect of AS-IV on activity of model mice; (C): The free-running period of the locomotor activity rhythm in each group and (D):

Ratio of night/day activities in LD group

Note: The data was portrayed as the mean+SEM (n=10). *p<0.05 vs. normal group; “p<0.05, #p<0.01 vs. model group and *p<0.05
vs. ZT0 AS-1V group. (LD): Light-Dark band and (DD): Black band-black band, (B and C): (#): LD and (-e): DD

It has been reported that mast cells play an
important role in inflammation by releasing various
inflammatory mediators, including HIS, LTB4, mast
cell-specific proteases and other compounds?®!l. IgE
is a clinical indicator for diagnosing urticaria allergy.
As shown in fig 4A-fig. 4C, mice from the model
groups exhibited markedly increased levels of IgE and
HIS in serum compared to those in the corresponding
normal cohort. Treatment of AS-1V at ZT12 resulted
in observably decreased amount of IgE and HIS.
Meanwhile, AS-1V treatment resulted in a decreasing
trend for the levels of LTB4. Collectively, the increase
in inflammatory cytokines was eliminated after AS-
1V treatment, and administering AS-1V at ZT12 was
more effective than at ZT0.
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An increasing number of recent studies use methods
to promote cell apoptosis to treat diseases such as
psoriasis, skin cancer and allergic reactions*?3*.. In
this study, nuclear staining was utilized to identify
apoptosis-positive cells, denoted by arrows. The
cells undergoing apoptosis included mast cells and
corneocytes (fig. SA). The TUNEL assay revealed
a significant decrease in apoptosis in UL mice skin
tissues, while mice in the AS-IV groups exhibited
a significantly increased rate of apoptosis in their
UL skin tissues compared to the model groups.
Furthermore, AS-IV caused an observably higher
amount of TUNEL-positive cells in specimens
collected at ZT12 than those obtained at ZTO (fig.
5B).
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Fig. 4: AS-IV reduces the serum amount of (A): Immunoglobulin E; (B): Leukotriene B4 and (C): Histamine in mice with

urticaria-like lesions
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dorsal skin of mice (400X). Western blot analysis
images revealing the expression of (G) p53 and (H)
Bcl-2 in the dorsal skin of mice.

p53 is central in apoptotic cell death and intrinsic
apoptotic pathways after DNA damagel**. Several
biological pathways are involved in regulating p53,
including the cell cycle, DNA damage, apoptosis
and glucose metabolismP!, p53 has the function
of inducing cell apoptosis and halting cell cycle.
Positive p53 staining was observed in the cytoplasm
and reflected as brownish-yellow granules (fig. 5C).
Western blot and THC analyses revealed a reduced
expression of p53 protein in normal mice, whereas an
even lower level of p53 protein was evident in the skin
tissues of model mice (fig. SD-fig. 5G). In contrast,
p53 expression was enhanced in UL mice treated
with AS-IV. Among them, the ZT12 AS-IV group
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showed the most significant changes. It is known
that the Bcl-2 family of proteins is a key regulator
of the mitochondrial response to apoptotic cuesi*®.
Controlling the permeation of the mitochondrial
membrane, Bcl-2 regulates cell apoptosis and exerts
an anti-apoptotic effect. A previous study reported
that inhibiting Bcl-2 induced mast cell apoptosisP7.
The expression of the Bcl-2 protein in the cytoplasm
is represented by the brownish-yellow particles (fig.
SE). However, the Bcl-2 level of ZTO and ZT12
model groups was overexpressed than that of ZTO
and ZT12 normal groups (p<0.05). Furthermore, the
concentration of Bcl-2 protein in the ZTO and ZT12
AS-IV groups was remarkably lower than that of
model groups (p<0.05). These findings suggest dosing
AS-1V may promote apoptosis by downregulating
the level of Bcl-2 (fig. SF-fig. SH).
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The circadian clock is essential in controlling both
local and systemic allergic responses. Previous
studies have revealed circadian rhythms in [gE/mast
cell-mediated allergic responses, such as Passive
Cutaneous Anaphylactic (PCA) and Passive Systemic
Anaphylactic (PSA) reactions. The core clock genes,
including PER2, CLOCK and BMALI, influence
these rhythmsB%3°1, In addition, it is suggested that
circadian rhythms modulate the apoptosis procedure
in diverse tissues!*”. To clarify whether the circadian
rhythm is related to apoptosis in UL mice model,
the mRNA expression of BMAL1, CLOCK, PER2
and CRY1 in the SCN and peripheral skin tissue
of mice were detected in this study. All sample
extractions were completed at the ZTO time point.
Notably, our findings indicate that, in the control
cohort, no notable variances were observed in gene
expression patterns between the sampled time points.
In contrast, in model group, an evident reduction in
the gene expression patterns of BMAL1, CLOCK
and PER2 was observed relative to the normal group.
Specifically, CLOCK expression was memorably
downregulated (p<0.05), while PER2 expression
was extremely significantly downregulated (p<0.01).
Furthermore, we observed a significant upregulation
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of CRY1 expression (p<0.01). Trends in circadian
core genes are synchronized in SCN and skin tissue.
In the skin tissue, the gene expression of CLOCK in
the model group markedly decreased compared with
normal cohort (p<0.01), whereas CRY1 was very
significantly upregulated (p<0.01). Although the
suppression of BMAL1 and PER2 mRNA were also
observed in the skin tissue of UL mice, the results
were not statistically significant. Previous studies
indicated that localized inflammation triggered
alternations in the levels of PER2 and BMALI, and in
current experiment, as a consequence of upregulated
inflammatory cytokines, the model group exhibited
a potential augmentation in PER2 mRNA, while a
decline in BMAL1 mRNA was observed*'*4. CRY'1
is an ancient and evolutionarily conserved protein
which inhibits CLOCK/BMALI1 transactivation
by creating a dimeric complex alongside PERM,
High CRY1 expression in the mice model cohort
attenuated the amount of BMAL1 and CLOCK. After
AS-1V intervention, the pathological changes were
significantly reversed and the reversal effect of the
ZT12 group was better than that of ZTO (fig. 6A-fig.
6H).
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(n=6) and skin tissue (n=3)

Note: *p<0.05 and **p<0.01 compared to normal group; *p<0.05 and #p<0.01 compared to model group and *p<0.05 and **p<0.01
compared to ZT0 AS-IV group. The data was portrayed as the mean+=SEM

Special Issue 4, 2024 Indian Journal of Pharmaceutical Sciences 296



www.ijpsonline.com

Thisinvestigationrevealed that AS-1V ameliorated the
skin pathological morphology of UL mice, reducing
capillary dilation, the distance of the collagen bundle
and edema. AS-IV also inhibited mast cell infiltration
and degranulation, along with lowering IgE, LTB4
and HIS levels in the blood of UL mice (fig. 7).
The amplitude of the rhythm in the model group
mice under the LD environment was dramatically
lower than that in the normal group, and the mice’s
activity was drastically reduced, indicating disturbed
circadian rhythm. Mice housed in a DD environment
showed a significantly shortened circadian rhythm
with a forward phase shift, consistent with previous
studies***!, The study evaluated the drug efficacy
at two opposite times, ZTO and ZT12, in UL mice
models. After AS-IV treatment, the amplitude and
robustness of the circadian rhythm in mice returned
to a normal level.

Compared to conventional urticaria treatments like
antihistamines and corticosteroids, AS-IV presents a
unique mechanism of action by modulating circadian
rhythm genes, suggesting a potential for sustained and
long-term therapeutic effects. While antihistamines
address symptoms, their efficacy may wane over
time, necessitating higher doses or additional
treatments. Corticosteroids and immunosuppressive
agents, though potent in anti-inflammatory effects,
come with significant side effects, limiting long-
term use. In comparison, AS-IV may offer a more
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favorable safety profile, providing a complementary
approach to reduce inflammation and promote
apoptosis. However, further studies are necessary to
identify potential synergies with other therapies and
compare AS-IV’s safety and efficacy with existing
treatment of urticaria.

Promoting apoptosis is one of the therapeutic
strategies to eliminate activated eosinophils and
lymphocytes in allergic diseases through drugs
capable of inducing apoptosis in these inflammatory
cellst?. In this study, TUNEL results indicated a
lower apoptosis index in the model group, while
AS-IV treatment increased apoptosis in skin tissue,
accompanied by an elevation in p53 and a reduction
in Bcl-2. These findings show the potential of AS-IV
to enhance apoptosis in UL mice.

The circadian system regulates almost all cellular
physiological states, including cell cycle, DNA
repair and apoptosis®’. Dysregulated the core
circadian gene PER2 level was linked to imbalances
in cell proliferation and apoptosis. The pro-apoptotic
protein p53 can interact with a regulatory sequence
located within the PER2 promoter domain, which
coincides with an E-box, consequently impeding
transcription mediated by the CLOCK/BMALI
complex*”. In this study, the down-regulation of
PER2 in the SCN of UL mice significantly decreased
p53 protein expression in the skin, increased Bcl-2
protein expression and inhibited apoptosis.
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Fig. 7: Mechanism of AS-IV in alleviating the circadian rhythm of skin lesions and apoptosis in UL mice
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AS-IV intervention significantly upregulated PER2
expression, along with p53. The study also found
an increase in Bcl-2 protein in the skin of UL mice,
a decrease in p53 protein, and the inhibition of
apoptosis when PER2 expression was low in model
group mice. Conversely, PER2 overexpression in the
AS-1V groups led to increased apoptosis, possibly via
the inhibition of Akt phosphorylation™®. Moreover,
p53 has been shown to interact directly with the
circadian rhythm core genes BMALI1, CRY and
PER. BMALI and CRY regulate the activity of the
p53 promoter, and CRY mutations can downregulate
p53 activity®+*!, The current study reveals a trend
of decreasing levels in BMAL1 and CLOCK, along
with increased CRY1 levels in the model groups.
Conversely, AS-IV treatment led to an increased
expression of BMAL1 and CLOCK but a decreased
level of CRY1. This consequently resulted in
decreased Bcl-2 expression, increased pS3 expression
and enhanced apoptosis. Notably, the ZT12 AS-1V
group exhibited the most pronounced alterations
compared to the other evaluated groups. These results
align with a prior report, which indicated that Bcl-2
proteins can either promote or inhibit apoptosis based
on BMALI expression levels*!. Collectively, these
findings suggest that changes in circadian rhythm
genes may impact apoptosis-related indicators.
AS-IV can alleviate allergic reactions in UL mice
by promoting apoptosis, with a more pronounced
effect when administered at ZT12. The expression of
circadian rhythm genes may contribute to variations
in therapeutic effect at different times.

Chronotherapy involves the administration of drugs
at specific times and does that align with the body’s
biological rhythm to optimize efficacy and minimize
toxic reactions®®. For instance, administering aspirin
atnighthasbeenshowntoreducethe occurrencerate of
morning cardiovascular events, including myocardial
infarction, in patients with hypertension®!. In this
study, AS-IV demonstrated a more favorable effect
on UL mice when administered at ZT12 compared to
ZTO0, resulting in improved skin pathology, reduced
mast cell degranulation, normalized wheel-running
movement, decreased serum IgE and histamine levels
and increased apoptosis. The ZT12 AS-IV group
also showed more significant changes in apoptosis,
p53 protein and mRNA levels of circadian rhythm
genes PER2, CLOCK and CRY1 compared to the
ZTO0 group. Nonetheless, the underlying mechanism
of chronopharmacology is not fully understood
and may involve multiple factors, including the

Special Issue 4, 2024

pharmacokinetic mechanism, the temporal rhythms
of drug action associated with tissue sensitivity,
rhythmic changes in receptor sensitivity, drug affinity
and receptor density. Although our study suggests a
significant association between chronopharmacology
and animal species, additional exploration is
necessary to elucidate more exact mechanisms.

This study revealed that urticaria disrupts the
host’s biological clock to a considerable extent,
and administering AS-IV orally at two circadian
intervals (ZTO and ZT12) mitigated allergic
response, histopathology, mast cell infiltration and
inflammatory cytokines expression of UL mice and
regulate their circadian behaviors. Notably, the ZT12
AS-1V treatment is more efficacious than that of ZTO.
Nevertheless, certain constraints were observed. For
example,thecomprehensivemechanismoftherapeutic
abilities of AS-IV on regulating circadian rhythm and
apoptosis remains to be clarified. Moreover, as the
pathogenesis of urticaria is modulated by multiple
processes and target cells, we would explore the
detailed mechanisms of proapoptotic effects and
the optimal administration time of AS-1V in vitro in
subsequent studies. In summary, this study confirms
the therapeutic potential of AS-IV in treating
urticaria and sheds light on the relationship between
urticaria-like allergic reactions, circadian rhythms
and apoptosis, thereby expanding our understanding
of urticaria chronotherapy. These observations may
lay the groundwork for using chronotherapy as an
innovative strategy for treating urticaria.
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