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Abstract: Objective: To investigate the effects of the Tibetan medicine 15-flavor gentian flower pills combined with
budesonide on the expression of inflammatory factors in asthmatic mice. Methods: 50 healthy female BALB/c mice of 68
weeks were selected and randomly divided into five groups, including the control group, the asthma group, the budesonide
group, the 15-flavor gentian flower pill group, and the combination group. The budesonide group was fed with budesonide
suspension, the 15-flavor gentian flower pill group was fed with 15-flavor gentian flower pill suspension, and the
combined group was fed with budesonide suspension and 15-flavor gentian flower pill suspension. Asthma symptoms of
mice in the five groups were recorded. Serum ovalbumin (OVA)-specific antibody levels, the proportion of eosinophils in
bronchoalveolar lavage fluid (BALF), and the relative expression of inflammatory factors were compared among the five
groups of mice. Results: Mice in the asthma group, budesonide group, 15-flavor gentian flower pill group, and combination
group presented asthma symptoms. The OVA-specific antibody levels, the proportion of eosinophils, and expression of
inflammatory factors (IL-4, IL-33, IL-5, and TNF-a) in the budesonide group, the 15-flavor gentian flower pill group, and
the combined group were significantly better than those in the asthma group (P < 0.05); the OVA-specific antibody levels,
the proportion of eosinophils, and expression of inflammatory factors (IL-4, IL-33, IL-5, and TNF-a) in the combined
group were significantly lower than those in the budesonide group and the 15-flavor gentian flower pill group (P < 0.05).
Conclusion: The Tibetan medicine 15-flavor gentian flower pills combined with budesonide can effectively inhibit the

expression of inflammatory factors in asthmatic mice.
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1. Introduction

Asthma patients are mainly characterized by recurrent wheezing, coughing, and other symptoms triggered by
viral upper respiratory tract infections, weather changes, etc. Surveys have shown that the incidence of asthma
in children in China is about 3.02%, of which 50% of children develop the disease before the age of 3 years.
There has been an upward trend in recent years, and the lack of timely intervention can significantly increase
the burden on society and the family !, Budesonide is a commonly used drug for the treatment of asthma,
which can effectively improve airway inflammatory response and inhibit airway remodeling, however, the
treatment time is long with low safety. It is of great significance to improve the prognosis of asthma patients
by finding safer and more effective treatments. 15-flavor gentian flower pill is composed of white-flowered
gentian, eugenol, nutmeg, and other medications, belonging to the classic Tibetan medicine prescription, which
is currently believed to have a certain degree of therapeutic efficacy in chronic bronchitis, but the effectiveness
of its application in asthma treatment still needs to be analyzed in depth . It is currently believed that a variety
of inflammatory factors, such as interleukin (IL)-4 and tumor necrosis factor (TNF)-a, are involved in the
occurrence and development of asthma "', In this study, we analyzed the effect of Tibetan medicine 15-flavor
gentian flower pills combined with budesonide on the expression of inflammatory factors in asthmatic mice, in
order to provide a theoretical basis for the treatment of asthma.

2. Materials and methods

2.1. Materials and instruments

50 6-8 weeks BALB/c healthy female mice [Kaisheng Biotechnology (Shanghai) Co., Ltd.] were selected,
with a body mass of 19-21 g. Ovalbumin (OVA) was purchased from Wuhan Image Technology Co., Ltd,
aluminum hydroxide adjuvant was purchased from Xibao Biotechnology (Shanghai) Co., Ltd, and phosphate
buffer solution (PBS) was purchased from Shandong West Asia Chemical Co. OVA solution (1 mg/mL) was
mixed with aluminum hydroxide adjuvant (50 mg/ml). Solution A: 5 mg/mL of OVA solution. Solution B:
Budesonide suspension (State Pharmaceutical License H20213286) or 15-flavored gentian flower pills (State
Pharmaceutical License Z63020233). A reverse transcription kit was purchased from Roche, USA, and IL-
4, 1L-33, IL-5, and TNF-a monoclonal antibodies were provided by Shanghai Lizu Biotechnology Company.
The ABI 7500 polymerase chain reaction (PCR) instrument and high-speed low-temperature centrifuge were
purchased from Shanghai Anting Scientific Instrument Factory, and ELISA kits were purchased from Sigma,
USA.

2.2. Research methods

50 mice were divided into five groups using the random number method, including the control group, the
asthma group, the budesonide group, the 15-flavor gentian flower pill group, and the combination group,
with 10 mice in each group. After the mice were acclimatized for 1 week, modeling was carried out, and the
mice were sensitized by intraperitoneal injection of solution A at a dose of 100 uL/each on day 1 and day 7,
and by nasal drip of 40 uL/dose on day 14 for 10 consecutive days. The mice were fed with the drug 4 hours
before the nasal drip, and in the budesonide group, the budesonide suspension (dose of 0.26 mg/kg) was
used for the gastric drip. The 15-flavor gentian flower pill group was fed with 200 uL of 15-flavor gentian
flower pill suspension (dose of 30 mg/kg), and the combined group was fed with budesonide suspension and
15-flavor gentian flower pill suspension at the same dose. Saline was used to replace solutions A and B in the
control group, and PBS was used to replace the drugs in both the control and asthma groups. After starting the

modeling, the daily conditions of the mice (fur color, stool, body weight, respiration, etc.) were recorded.
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After the last nasal drip, the mice were made to lie supine. After anesthesia, tracheal intubation was carried
out, and 0.5 ml of PBS was injected into the lungs of the mice, followed by back suctioning; and the collection
of the bronchoalveolar lavage fluid (BALF) was carried out, and the operation was repeated three times. The
mice were euthanized within 24 hours of the last nasal drip, blood and lung tissues were preserved, and the lung
tissues were placed in liquid nitrogen for rapid freezing and subsequently stored at -80°C for examination.

2.3. Observation indexes

(1) Asthma symptoms of the five groups of mice were recorded.

(2) OVA-specific antibody detection: After centrifugation of blood, serum was taken and the serum OVA-
specific antibody levels of the five groups of mice were detected using ELISA.

(3) Cell sorting and counting in BALF: Centrifugation of BALF from five groups of mice was performed
for 10 min, with the rotational speed set at 1500 rpm/min, and the total number of cells was recorded
under the microscope after taking the precipitate and resuspending it, followed by staining of cell
suspensions with smear, and then selecting 200 inflammatory cells under the microscope with oil
immersion, and recording the proportion of eosinophils.

(4) Relative expression of inflammatory factors: The expression of 1L-4, IL-33, IL-5, and TNF-a mRNA
in mouse lung tissue was detected using real-time fluorescence PCR. The extraction of total RNA from
mouse lung tissues was carried out using TRIzol reagent, followed by reverse transcription, and PCR
was carried out using B-actin as an internal reference to record the relative expression of IL-4, 1L-33,
IL-5, and TNF-o mRNA.

2.4, Statistical methods

Statistical analysis was performed using SPSS22.0, and the measurement data were analyzed using ANOVA
with repeated measurements, expressed as mean =+ standard deviation (SD), and intergroup comparisons were
performed using the Fisher’s Least Significant Difference (LSD) test, with P < 0.05 as the difference being
significant.

3. Results
3.1. Analysis of asthma symptoms in mice

The mice in the asthma group, budesonide group, 15-flavor gentian flower pill group, and the combined group
showed asthma symptoms, including shortness of breath, slowed movement, restlessness, scratching ears and
cheeks, sneezing, shortened forelimbs, incontinence, etc. The mice in the control group were in a normal state

and did not show the above symptoms.

3.2. Comparison of OVA-specific antibody test results among the five groups

The OVA-specific antibody levels in the asthma group, budesonide group, 15-flavor gentian flower pill group,
and combined group were significantly higher than those in the control group (P < 0.05). The OVA-specific
antibody levels in the budesonide group, the 15-flavor gentian flower pill group, and the combined group
were significantly lower than those in the asthma group (P < 0.05). The OVA-specific antibody levels in the
combination group were significantly lower than those in the budesonide group and the 15-flavor gentian
flower pill group (P < 0.05). The comparison of OVA-specific antibody levels in the budesonide group and the
15-flavor gentian flower pill group showed no statistically significant difference (P > 0.05), as shown in Table 1.
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Table 1. Comparison of OVA-specific antibody test results among the five groups

Groups Number of cases OVA-specific antibody
Control group 10 0.02 +0.01
Asthma group 10 0.84 £0.24"
Budesonide group 10 0.63 £0.07%
15-flavor gentian flower pill group 10 0.56£0.17%
Combined group 10 0.29 £ 0.12%¢
F - 37.656
P - <0.001

Note: Compared with the control group, “P < 0.05; compared with the asthma group, "P < 0.05; compared with the
budesonide group, °P < 0.05; compared with the 15-flavor gentian flower pill group, ‘P < 0.05.

3.3. Comparison of cell counts in BALF of five groups

The comparison of the total number of cells in the five groups showed no statistically significant difference (P
> 0.05). The proportion of eosinophils in the asthma group, budesonide group, and 15-flavor gentian flower pill
group was significantly higher than that in the control group (P < 0.05). The proportion of eosinophils in the
combined group was significantly lower than that in the asthma group, budesonide group, and 15-flavor gentian
flower pill group (P < 0.05), and the proportion of eosinophils was not statistically significant when comparing
the level of the proportion of eosinophils in the combined group and the control group (P < 0.05), as presented
in Table 2.

Table 2. Comparison of cell counts in BALF of the five groups

Groups Number of cases Total number of cells (x 107/L) Proportion of eosinophils (%)
Control group 10 99.75+£9.53 436+2.21
Asthma group 10 111.22 +£37.30 10.98 +£2.73°
Budesonide group 10 104.29 +12.96 7.21+1.92°
15-flavor gentian flower pill group 10 103.10 £ 11.29 7.03 £ 1.40°
Combined group 10 101.75 + 12.49 5.05+1.57°
F - 0.408 18.126
P - 0.802 <0.001

Note: Compared with the control group, ‘P < 0.05; compared with the asthma group, "P < 0.05; compared with the
budesonide group, P < 0.05; compared with the 15-flavor gentian flower pill group, P < 0.05.

3.4. Comparison of the relative expression of 1L-4, IL-33, IL-5, and TNF-a in the five
groups

The relative expressions of 1L-4, IL-33, IL-5, and TNF-a in the control group were significantly lower than
those in the asthma group, budesonide group, 15-flavor gentian flower pill group, and combined group (P <
0.05). The relative expressions of IL-4, [L-33, IL-5, and TNF-a in the asthma group were significantly higher
than those in the budesonide group, the 15-flavor gentian flower pill group, and the combined group (P < 0.05).
The relative expression of I1L-4, IL-33, IL-5, and TNF-a in the combined group was significantly lower than
that in the budesonide group and the 15-flavor gentian flower pill group (P < 0.05), as shown in Table 3.
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Table 3. Comparison of relative expression of 1L-4, IL-33, IL-5, and TNF-a among five groups

Group Number of cases 1L-4 IL-33 IL-5 TNF-a
Control group 10 1.96 +0.17 0.46 £0.13 0.39+£0.14 1.04 +0.24
Asthma group 10 10.85 £2.05" 2.35+0.68" 1.46 +0.32° 2.49 £0.75"
Budesonide group 10 6.54 +1.84° 1.47 037 0.87 +0.22% 1.97 + 0.66®
15-flavor gentian flower pill group 10 6.25+1.73* 1.38£0.40° 0.93 £0.24® 1.86 +0.57%
Combined group 10 3.89 + 1.05 0.73 +0.19™ 0.65+0.16" 1.23+0.36"
F - 11.341 6.348 5.259 4.369
P - <0.001 <0.001 <0.001 0.001

Note: Compared with the control group, ‘P < 0.05; compared with the asthma group, °P < 0.05; compared with the
budesonide group, °P < 0.05; compared with the 15-flavor gentian flower pill group, ‘P < 0.05.

4. Discussion

Asthma is mainly characterized by airway hyperresponsiveness and its mechanism of occurrence is more
complex. It is mostly considered to be a chronic airway inflammatory disease caused by immunity, genetics,
environment, and other factors . It is currently believed that repeated acute asthma attacks can aggravate
lung function damage, and early and reasonable intervention can help to control the patient’s condition and
reduce recurrence ). Hormonal drugs such as budesonide are mostly used in the clinic to reduce airway
hyperresponsiveness, relieve bronchospasm, and improve lung function, but the efficacy is more limited.
15-flavor gentian flower pill belongs to the commonly used Tibetan medicines, which have the effects of
strengthening the body’s foundation, clearing heat, and moisturizing the lungs. Clarifying the effects of the
15-flavor gentian flower pill combined with budesonide on the expression of inflammatory factors in asthmatic
mice helps to provide more theoretical support for the clinical application of the 15-flavor gentian flower pills.

Asthma is a disease mediated by specific antibodies, and the high level of specific antibodies suggests
that Th2 activity is enhanced, Thl is weakened, and the immune response is in a hyperactive state, which is
the key to the development of asthma . Eosinophils can contribute to airway mucus secretion and aggravate
airway epithelial damage by participating in processes such as the synthesis of inflammatory factors, and it
is currently believed that eosinophils are significantly correlated with the severity of airway inflammation in
the body " TL-4, IL-33, IL-5, and TNF-a are all significantly correlated with the onset and progression of
asthma, of which IL-4 can participate in the proliferation and transformation of B cells and impede eosinophil
apoptosis ™*; IL-5 can promote the aggregation of eosinophils ’; IL-33 is closely related to the development of
airway inflammation and can promote airway remodeling in asthmatic mice "”; and TNF-a can be expressed in
eosinophils, macrophages, and smooth muscle cells, and is significantly correlated with the severity of airway
inflammation """,

In this study, we found that the level of OVA-specific antibodies, the proportion of eosinophils, and the
expression of inflammatory factors were significantly increased in the BALF of mice in the asthma group
compared with the control group, suggesting that there was a significant inflammatory response in asthmatic
mice. Among them, the OVA-specific antibody level, eosinophil proportion, IL-4, IL-33, IL-5, and TNF-a levels
in the combined group were significantly better than those in the budesonide group and the 15-flavor gentian
flower pill group. It is suggested that the combination may further contribute to the decrease of inflammatory
response in asthmatic mice compared with budesonide and 15-flavor gentian flower pill treatment alone. This
may be due to the fact that budesonide may reduce the release of inflammatory factors and inhibit collagen
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deposition in the airways by improving vascular permeability, which in turn promotes the improvement of
patients’ conditions . In 15-flavor Gentian Flower Pills, white-flowered gentian and yuganzi have the effects
of moistening the lungs, generating fluids, benefiting the throat, and resolving phlegm. Mullein, sedum, and
broad-skinned vine have the effects of relieving pain, reducing adverse reactions, dispersing cold, calming
asthma, dispelling wind, and regulating qi. Additionally, other ingredients such as broad jujube help to clear
away heat, activate the blood, and clear the lungs while nourishing the blood "*'*. Modern pharmacological
studies have shown that 15-flavor gentian flower pills can inhibit the development of lung lesions, enhance
phagocytic activity, improve body immunity, remove toxins, and reduce airway inflammatory damage "', The
combination of the two can achieve a complementary effect from different mechanisms, which in turn leads to a

further decrease in the expression of inflammatory factors in asthmatic mice.

5. Conclusion

In conclusion, the combination of 15-flavor gentian flower pills and budesonide can effectively inhibit the
expression of inflammatory factors in asthmatic mice, but its clinical application still needs to be analyzed in
depth.

Funding

Natural Science Foundation of Tibet Autonomous Region (XZ202001ZR00910)

Disclosure statement

The authors declare no conflict of interest.

References

[11 HeL, PanJ, 2023, A Clinical Study of Asthma Management and Asthma Control Level in Children. Chinese Journal
of Contemporary Pediatrics, 25(1): 73-79.

[2] Xie G, 2016, Clinical Efficacy of Tibetan Medicine Shiwuwei Longdan Pill Combined with Other Herbs in the
Treatment of Chronic Bronchitis, China Journal of Traditional Chinese Medicine 2015, Special Issue: Proceedings
of the Training Conference on Scientific and Technological Paper Writing for Practitioners in Primary Medical
Institutions, 1985.

[3] Bai H, Zhao L, Zheng S, et al., 2022, Effects of Schisandra chinensis Ethanol on IL-4/IL-13/STAT6 Pathway and
Airway Cuprocyte Apoptosis in Allergic Asthmatic Mice. Chinese Journal of Immunology, 38(11): 1333—-1337.

[4] LiuY, Liu S, Xu Z, et al., 2023, Progress in the Study of Childhood Asthma Co-Morbidities. International Journal of
Pediatrics, 50(9): 575-579.

[5] Han S, Zhang T, Zeng Y, et al., 2023, Mechanism of Action of Antimineralizing Cough Suppressant Granules in the
Treatment of Bronchial Asthma Based on Network Pharmacology and Animal Experiments. International Journal of
Traditional Chinese Medicine, 45(9): 1127-1133.

[6] Zhou J, Lai Y, Ren L, et al., 2023, Effects of Acupuncture and Moxibustion on Lung Function and Airway
Inflammation in Asthmatic Rats. Chinese Journal of Integrative Medicine, 43(4): 469—475.

[71 Zhang P, Liu L, Zheng G, et al., 2020, Changes and Significance of Serum Tumor Necrosis Factor-Alpha,

Interleukin-8 and Eosinophil Cationic Protein Levels in Patients with Bronchial Asthma. Shaanxi Medical Journal,

393 Volume 8; Issue 5



[10]

[11]

[12]

[13]

[14]

[15]

49(12): 15971599, 1603.

Yun J, Hu X, Li Z, et al., 2022, Effects of Antimycotic Syrup on Nebulized Tobacco Extract in Environmental
Asthma Mice Based on Airway Inflammation and Th1/Th2 Immune Pathway. Journal of Traditional Chinese
Medicine, 50(10): 26-32.

Luo T, Hu M, Zhao J, et al., 2023, Changes of Peripheral Blood T-Lymphocyte Subpopulations, IL-5 and IL-25
Levels and Their Correlation with ACT Scores in Children with Asthma. Hainan Medicine, 34(4): 553-556.

Park H, Wu J, Yu J, et al., 2022, Study on the Immunologic Changes of “IL-33-ST2” in the Lung and Intestines in an
Asthma Model Intervened by a Calming Formula. Chinese Journal of Immunology, 38(12): 1445—-1450.

She R, Guo J, Ge H, 2023, Effects of Adding and Subtracting Yiqi and Blood Circulation Formula on PTEN and
Serum IL-6, TNF-a in Gastric Mucosa of Patients with Chronic Atrophic Gastritis of Qi Deficiency and Blood Stasis
Type. Journal of Zhejiang University of Traditional Chinese Medicine, 47(1): 52-57.

Deng J, Huang J, 2023, Clinical Study of Montelukast Sodium Combined with Budesonide in the Treatment of
Pediatric Bronchial Asthma. Chinese Journal of Clinical Pharmacology, 39(14): 1983—1986.

Fu Q, Guo D, 2021, Effects of Shiwei Longdanhua Capsule Combined with Salbutamol Sulfate on Cellular Immune
Function, Cellular Inflammatory Factors and Coagulation Function in Elderly Patients with Acute Exacerbation of
Chronic Obstructive Pulmonary Disease. Chinese Journal of Gerontology, 41(21): 4697—4699.

Mo L, Zhang F, Hao E, et al., 2022, Predictive Analysis of Quality Markers (Q-Marker) of Stephania tetrandra Based
on Chemical Components and Pharmacological and Network Pharmacology. Chinese Herbal Medicine, 53(19):
6283-6295.

He P, Zhu X, Liu H, et al., 2016, Study on In Vitro Antibacterial Activity of Fifteen-Flavored Gentian Flower Pill of
Tibetan Medicine. Chinese Ethnic Folk Medicine, 17(002): 3-5.

Publisher’s note

Bio-Byword Scientific Publishing remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

394 Volume 8; Issue 5



