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Abstract 

Background Qijing Mingmu decoction (QJMM), a compound Chinese medicine preparation, which consists 
of Lycium barbarum, Polygonatum, Ophiopogon japonicus, Poria cocos, Glycyrrhiza, Eclipta prostrata and Ligusticum 
striatum, has been confirmed to be effective for the treatment of conjunctivochalasis (CCH) in clinic and reduce cellu-
lar senescence. However, the underlying mechanism is still unknown. Our previous study revealed that p38-mediated 
cellular senescence contributed to the pathogenesis of CCH.

Methods To explore whether p38 might be the potential therapeutic target of QJMM for CCH, CCH fibroblasts were 
treated with QJMM granule and then the effect of QJMM granule on the expression and promoter activity of p38α 
was determined by western blot and dual luciferase reporter gene assay, respectively. Meanwhile, the influence 
of QJMM granule on cell proliferation, oxidative stress, cellular senescence and the expression of the cellular senes-
cence-associated genes were measured by corresponding methods.

Results QJMM granule significantly decreased the protein expression of p38α and p-p38α in CCH fibroblasts 
in a dose-dependent manner and inhibited p38α promoter activity. QJMM granule as well as the p38 inhibitor 
SB203580 reduced the level of reactive oxygen species and increased the activity of superoxide dismutase in CCH 
fibroblasts. QJMM granule and SB203580 promoted cell proliferation and reduced the percentage of SA-β-Gal-positive 
cells. The mRNA and protein expression of p53 and p21 was remarkably down-regulated by QJMM granule as well 
as SB203580 and that of SMP30 was up-regulated in CCH fibroblasts.

Conclusions Our findings demonstrated that QJMM granule was effective for alleviating cellular senescence of CCH 
fibroblasts by p38 MAPK signaling and the followed p53/p21 signaling.
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Background
As a most common ocular disorder, conjunctivochalasis 
(CCH) is distinguished by loosely redundant conjunc-
tival folds located in the space of the lower eyelid and 
the eyeball [1]. CCH is an age-dependent ocular disease 
[2, 3]. Our previous community-based study revealed a 
prevalence rate of 44.08% for CCH in people aged no 
less than 60 years old [4]. Mimura et  al. revealed that 
the prevalence of CCH dramatically increased with age 
in Japanese, for which the incidence increased from 
6.8% to 1 to 10-years old persons to 100% for 91 to 100-
years old persons [3]. Gumus K et  al. demonstrated 
the severity of CCH were increased with age by optical 
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coherence tomography [5]. At present, the mostly used 
therapies for CCH were artificial tears and surgi-
cal treatment [6, 7]. However, artificial tears can only 
relieve some of the symptoms and surgical treatment 
is traumatic with slower recovery [8–11]. Therefore, it 
is necessary to seek better and more effective therapies 
for CCH.

Chinese medical herbs have been applied in China for 
thousands of years for the management of diverse dis-
eases, including different kinds of ocular disorders [12]. 
For example, Lycium barbarum polysaccharides pro-
tected the rats against both chronic and acute ocular 
hypertension [13, 14]. The clinical study showed that 
traditional Chinese prescription Chi-Ju-Di-Huang-Wan, 
which was composed of Lycii Fructus, Chrysanthemi Flos 
and Rehmanniae could effectively relieve the clinically 
relevant symptoms of dry eye [15].

Qijing Mingmu decoction (QJMM), a formula consist-
ing of seven natural herbs, is ourselves-designed pre-
scription for the treatment of CCH. Our clinical studies 
showed that QJMM could maintain the stability of tear 
film, improve the mucin in tear, promote the repair of 
damaged ocular surface tissue, and increase the tear 
secretion, thus having a good clinical therapeutic effect 
for CCH [16, 17]. Meanwhile, several herbs of QJMM 
had been reported to be useful for alleviating aging and 
inflammation. For example, as a traditional medical herb, 
Lycium barbarum has been used for more than two thou-
sand years and its water extracts can increase DNA syn-
thesis rate of the aging human embryonic lung diploid 
fibroblasts and prolong its life span [18]. However, the 
underlying mechanism of QJMM for CCH treatment is 
still unclear.

In view of the high incidence of CCH in the elderly, 
we suppose that cellular senescence might mediate the 
pathogenesis of CCH. Our previous study demonstrated 
that cellular senescence was responsible for CCH and 
p38 MAPK signaling and played a vital role in the cel-
lular senescence progress in CCH fibroblasts [19, 20]. In 
the previous research, we also found that QJMM could 
significantly down-regulate MAPK signaling in CCH 
fibroblasts, especially p38 MAPK signaling, which was 
induced by TNF-α [21]. QJMM combined with artifi-
cial tears treatment also decreased cellular senescence 
in the conjunctival tissue of CCH patients [17]. There-
fore, we hypothesize that QJMM might have an anti-
cellular senescence effect via p38 MAPK signaling. To 
investigate whether the effect of QJMM was by affect-
ing p38-mediated cellular senescence, CCH fibroblasts 
were treated with QJMM granule and then cell prolifera-
tion, cellular senescence, oxidative stress-related markers 
reactive oxygen species (ROS) production and super-
oxide dismutase (SOD) activity, and the expression of 

senescence-associated genes were determined using the 
corresponding methods.

Methods
Ethics statement
The protocol was approved by Ethics Committee of 
Putuo Hospital, Shanghai University of Traditional Chi-
nese Medicine (Ethic code: PTEC-A-2021-14-1). The 
written informed consents were supplied by each patient.

Fibroblasts culture
The CCH fibroblasts and normal fibroblasts were 
obtained as the previous method [19]. The cells were cul-
tured in Dulbecco’s Modified Eagle’s Medium (DMEM) 
supplied with 10% fetal bovine serum and 1% penicillin-
streptomycin at 37 °C and 5%  CO2.

Preparation of QJMM granule
QJMM was prepared with Lycium barbarum L. (15  g), 
Polygonatum acuminatifolium Kom. (20  g), Ophiopogon 
japonicus (Thunb.) Ker Gawl. (20 g), Poria cocos (Schw.) 
Wolf (10  g), Glycyrrhiza uralensis Fisch. (3  g), Eclipta 
prostrata (L.) L. (15 g) and Ligusticum striatum DC. (3 g) 
(Table 1). QJMM granule was processed from the previ-
ous study [21].

Experimental design
To investigate the effect of QJMM granule on p38 MAPK 
signaling in CCH fibroblasts, the fibroblasts derived 
from the loose conjunctival tissue of CCH patients were 
treated with different concentration of QJMM granule 
(0, 0.805, 1.61, 3.22  mg/L). In the other experiments, 
the fibroblasts were divided into three groups: CCH, 
CCH + QJMM (CCH fibroblasts treated with 1.61  mg/L 
Qijing Mingmu decoction granule) and CCH + SB203580 
(CCH fibroblasts treated with p38 inhibitor SB203580). 
The normal fibroblasts were applied as controls.

Table 1 The compositions of QJMM

Latin name Chinese name Daily 
adult 
dose (g)

Lycium barbarum L. Gouqi 15

Polygonatum acuminatifolium Kom. Huangjing 20

Ophiopogon japonicus (Thunb.) Ker Gawl. Maidong 20

Poria cocos (Schw.) Wolf Fuling 10

Glycyrrhiza uralensis Fisch. Zhigancao 3

Eclipta prostrata (L.) L. Hanliancai 15

Ligusticum striatum DC. Chuanxiong 3
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CCK‑8 assay
The viability of fibroblasts was measured using a Cell 
Counting Kit-8 (CP002, SAB, Sioux Falls, SD, USA) 
according to the manufacturer’s instructions. A vol-
ume of 100  µl fibroblast suspension (about 3 ×  103 
cells) was added into a 96-well plate. The work solution 
was prepared by mixing CCK-8 reagent with serum-
free DMEM medium by a volume ration of 1:10. After 
12 h, 24 or 48 h of cultivation, 100 µl of work solution 
was added into each well. The fibroblasts were then 
incubated for another hour at 37  °C and 5%  CO2. The 
absorbance of mixture in each well under 450 nm wave-
length was measured and recorded.

ROS level and SOD activity detection
The intracellular ROS production was determined using 
a ROS Assay Kit (S0033, Beyotime) and SOD activity 
using a SOD Test Kit (A0001, Nanjing Jiancheng Bio-
engineering Institute, Jiangsu, China) according to the 
responding manufacture’s instruction, respectively.

SA‑β‑Gal staining
SA-β-Gal staining for the fibroblasts was carried out 
with SA-β-Gal Staining Kit using the previous method 
[19]. Briefly, the collected fibroblasts were fixed using 
the β-Gal staining fixative at room temperature for 
15  min. The fibroblasts were rinsed with phosphate 
buffer saline for 3 times and then incubated at 37  °C 
overnight with the prepared β-Gal staining work solu-
tion, which was prepared according to the manufac-
ture’s instruction. The stained fibroblasts were observed 
under an optical microscope.

Western blot
The total protein of fibroblasts was extracted and 
quantified with a bicinchoninic acid protein assay kit 
(Nanjing Jiancheng Bioengineering Institute, Nanjing, 
Jiangsu, China). After separation with electrophoresis 
on a 10% or 12% polyacrylamide gel, the protein was 
transferred onto a polyvinylidene fluoride membrane. 
The interested p38α-membrane was blocked using 5% 
bovine serum albumin and the other membranes using 
5% non-fat dry milk at room temperature for 1 h. Then, 
the membranes were incubated with the followed pri-
mary antibodies: p38α (#9212, 1:1000), p-p38 (#9211, 
1:1000), p53 (#9282, 1:1000), p21 (#2947, 1:1000), 
SMP30 (Ab233007, 1:400) and GAPDH (#5174, 1:2000) 
at 4℃ overnight. Subsequently, the membranes were 
incubated with a secondary antibody (goat anti-rabbit 
IgG, A0208, 1:1000) for 1  h at 37℃. After coloration 

with electrochemiluminescence solution, the protein 
bands were scanned using a Tanon-5200 instrument 
(Shanghai Tianneng Technology Co., Ltd, Shanghai, 
China).

Quantitative real‑time PCR (qRT‑PCR)
The fibroblast RNA was extracted using a Trizol method. 
The cDNA was synthesized with a Revert Aid First 
Strand cDNA Synthesis Kit (K1622, Thermo Scientific, 
Waltham, MA, USA). The expression of p38α, p53, p21 
and SMP30 was measured using a SYBR Green qPCR 
kit (K0223, Thermo Scientific) on an ABI-7300 system. 
GAPDH was selected as a reference gene. The previous 
primer sequence was used here [19]. The relative mRNA 
expression was calculated using a 2 –ΔΔct method.

Dual luciferase reporter gene assay
The p38 promoter sequence was inserted into pGL3-
Enhancer vector, which contained Luc2 and hRluc genes, 
using the followed primer sequences:

p p38-F: 5’ -CCC TCG AGC CTG CCT TTG GGG 
AGG -3’ (Xho I),
p p38-R: 5’-CCAAG CTT CAG ACG AAG GGC 
GCCAG-3’ (Hind III).

The obtained pGL3-Enhancer-p-p38 was transfected 
into the fibroblasts. Six hours after transfection, the fibro-
blasts were treated with 1.61 mg/L QJMM granule or not. 
Twenty–four hours after transfection, the fibroblasts 
were treated using the Dual-Luciferase® Reporter(DLR™)
Assay System (E1910, Promega, Madison, WI, USA) 
according to the manufacturer’s instruction. The fire-
fly and luciferase renilla activity intensity were detected, 
respectively.

Statistical analysis
The experimental data was presented as mean ± stand-
ard deviation. The difference between two groups was 
assessed using student-t test and the difference among 
multiple comparisons among three or more groups using 
one-way ANOVA followed by Turkey’s test. P < 0.05 was 
considered as with significant difference.

Results
Effects of QJMM on p38 MAPK signaling in CCH fibroblasts
Our previous research has demonstrated that p38 MAPK 
signaling participants in the cellular senescence progress 
of CCH fibroblast and thus implicates in the develop-
ment of CCH [19]. To investigate whether QJMM affect 
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CCH by p38 MAPK signaling, the effect of QJMM gran-
ule on the expression of p38α and p-p38α in CCH fibro-
blasts was firstly measured by western blot. Both the 
total p38α and p-p38α protein expression was signifi-
cantly decreased by QJMM granule in a dose-dependent 
manner (Fig. 1A). Thus, the concentration of 1.61 mg/L 

QJMM granule was used in the following experiments. 
The dual luciferase reporter gene assay confirmed that 
QJMM granule remarkably reduced the activity of p38 
promoter in CCH fibroblasts (Fig. 1B). These results indi-
cate the effective manipulation of QJMM on p38 MAPK 
signaling.

Fig. 1 QJMM granule affected p38 MAPK signaling in CCH fibroblasts. A The protein expression of p38α and p-p38α in CCH fibroblasts treated 
with different concentration of QJMM granule. B The promoter activity of p38α in CCH fibroblasts treated with 1.61 mg/L QJMM. **P < 0.001 
compared with CCH group; ##P < 0.001 compared with CCH + 0.805 mg/L QJMM group; &P < 0.05 compared with CCH + 1.61 mg/L QJMM group; 
n = 3

Fig. 2 QJMM granule affected oxidative stress in CCH fibroblasts. A Reactive oxygen species (ROS) level in CCH fibroblasts treated with QJMM 
granule. B Superoxide dismutase (SOD) activity in CCH fibroblasts treated with QJMM granule. *P < 0.05, **P < 0.001 compared with normal group; 
##P < 0.001 compared with CCH group; &P < 0.05 compared with CCH + QJMM group; n = 3
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Effects of QJMM on the levels of ROS and SOD activity 
in CCH fibroblasts
Oxidative stress is closely related to CCH [22]. Com-
pared with the normal fibroblasts, CCH fibroblasts had 
significantly higher ROS production and lower SOD 

activity (Fig.  2). QJMM granule, as well as p38 inhibi-
tor SB203580, obviously decreased the ROS production 
and increased SOD activity in CCH fibroblasts. All these 
findings suggest that QJMM attenuates oxidative stress in 
CCH fibroblasts.

Fig. 3 QJMM granule affected cell proliferation of CCH fibroblasts. *P < 0.05, **P < 0.001 compared with normal group; ##P < 0.001 compared 
with CCH group; n = 3

Fig. 4 QJMM granule affected cellular senescence in CCH fibroblasts. **P < 0.001 compared with normal group; ##P < 0.001 compared with CCH 
group; n = 3
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Effects of QJMM on cell proliferation of CCH fibroblasts
The effect of QJMM granule on cell proliferation of CCH 
fibroblasts was determined by CCK-8 assay. After 24 and 
48 h of cultivation, CCH fibroblasts represented signifi-
cantly decreased cell viability when compared with the 
normal fibroblasts (Fig. 3). QJMM granule and p38 inhib-
itor SB203580 remarkably increased the cell viability of 
CCH fibroblasts.

Effects of QJMM on cellular senescence of CCH fibroblasts
Consistent with the previous study [19], CCH fibro-
blasts had obviously more senescent cells than the nor-
mal fibroblasts did, which was evidenced by SA-β-Gal 
staining (Fig. 4). QJMM granule significantly reduced the 
percentage of SA-β-Gal positive cells, which was similar 
with the effect of p38 inhibitor SB203580.

Molecular mechanism of QJMM in CCH fibroblasts
To explore whether the effect of QJMM granule on cel-
lular senescence of CCH fibroblast was through p38 
MAPK signaling, the expression of senescence-associ-
ated genes (p53, p21 and SMP30) and p38 signaling was 
measured. The results showed that p38α mRNA, total 
p38α protein and p-p38α protein in CCH fibroblasts 

were significantly enhanced compared with those in the 
normal control (Fig. 5A and E). QJMM granule and p38 
inhibitor SB203580 remarkably blocked the p38 signal-
ing. The increased expression of pro-senescent genes 
p53 and p21 was significantly down-regulated by QJMM 
granule and p38 inhibitor SB203580, while the decreased 
expression of anti-senescent gene SMP30 in CCH fibro-
blasts was significantly up-regulated (Fig. 5B-E). Molecu-
lar mechanism of QJMM on cellular senescence of CCH 
was shown in Fig. 6.

Discussion
Our previous study demonstrated that Qijing Mingmu 
decoction (QJMM) drug serum could significantly sup-
press the expression of MMP1, MMP3 and TIMP1, and 
increase the expression of TIMP3 and TGS-6 in CCH 
fibroblasts, indicating the effectiveness of QJMM drug 
serum for the therapy of CCH [23, 24]. Due to the drug 
serum that was prepared by metabolism in  vivo after 
intragastomy in SD rats, the composition of serum was 
complex and the concentration of the drug in serum was 
uncertain. It is difficult to identify the effective factors. 
Therefore, Qijing Mingmu decoction granule was applied 
to directly treat CCH fibroblasts here. The results showed 

Fig. 5 The mRNA (A-D) and protein (E) levels of p38 and senescence-associated genes in CCH fibroblasts treated with QJMM granule. *P < 0.05, 
**P < 0.001 compared with normal group; #P < 0.05, ##P < 0.001 compared with CCH group; &P < 0.05, &&P < 0.001 compared with CCH + QJMM group; 
n = 3
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that QJMM granule significantly down-regulated the 
expression and promoter activity of p38α. Our previous 
study has revealed that p38-mediated cellular senescence 
contribute to the pathogenesis of CCH [19]. Therefore, 
we supposed that the therapeutical effect of QJMM 
might be at least partly through p38-mediated cellular 
senescence.

It has been confirmed that oxidative stress damage, 
inflammation and aging were present in CCH [5, 11, 22, 
25, 26]. Diverse bioactive components in QJMM had 
biological effects, such as anti-aging, anti-oxidation and 
anti-inflammation. The extracts of Lycium barbarum L 
had the healthy benefits of antioxidant, anti-aging, anti-
fatigue and improving eyesight [27–30]. The aqueous 
extract of Polygonatum showed anti-inflammatory effects 
in a mouse model of ear edema and protected endothe-
lial progenitor cells in nature senescent rats via enhanc-
ing antioxidant capacity and telomerase activity without 
obvious genetic toxicity [31–33]. Ophiopogon japonica 
had been used for curing inflammation-related diseases 
and its bioactive component protected against diabetic 
nephropathy by inhibiting oxidative stress and inflam-
mation [34, 35]. Poria cocos polysaccharides, the major 
active ingredient of Poria cocos, had biological effects 
of anti-aging, anti-oxidation and anti-inflammation and 
it represented hepatoprotective effects by inhibiting cell 
apoptosis and inflammatory response [36, 37].

The further experiments showed that QJMM granule 
had the similar effects with p38 inhibitor SB203580 on 
oxidative stress, cell proliferation and cellular senescence 
in CCH fibroblasts. QJMM affected oxidative stress by 
reducing ROS level and increasing SOD activity in CCH 
fibroblasts. Meanwhile, QJMM granule also promoted 

the proliferation of CCH fibroblasts and inhibited cel-
lular senescence. All these findings revealed the impor-
tant role of QJMM granule in the treatment of CCH. P38 
MAPK was highly expressed in CCH tissue and fibro-
blasts compared with that in normal controls. Cellular 
senescence was mediated by p38/p53/p21 signaling axis 
in CCH progress. Lycium bararum polysaccharides can 
effectively inhibit senescence of human umbilical vein 
endothelial cells by decreasing the expression of p53 and 
p16 [38]. Here, QJMM granule decreased the expression 
of p53 and p21, and increased SMP30 expression as well 
as p38 inhibitor SB203580 in the CCH fibroblasts. All 
these indicate the effects of QJMM in cellular senescence 
in CCH fibroblasts might or partly be dependent on p38/
p53/p21 signaling axis.

Conclusions
In conclusion, we investigated the effects of Qijing Min-
gmu decoction granule on CCH cellular senescence. The 
results showed that Qijing Mingmu decoction granule 
could effectively alleviate CCH cellular senescence via 
blocking p38 MAPK signaling pathway. This study will 
be benefit for better understanding of the mechanism of 
CCH and may provide a reference for researching tradi-
tional Chinese medicine theory.

Abbreviations
QJMM  Qijing Mingmu decoction
CCH  Conjunctivochalasis
ROS  Reactive oxygen species
SOD  Superoxide dismutase
SMP30  Senescence marker protein-30
DMEM  Dulbecco’s Modified Eagle’s Medium
qRT-PCR  Quantitative real-time PCR

Fig. 6 Molecular mechanism of QJMM on cellular senescence of CCH
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