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Abstract
● AIM: To establish a stable, short-time, low-cost and 
reliable murine model of meibomian gland dysfunction (MGD).
● METHODS: A filter paper sheet soaked in 1.0 mol/L 
sodium hydroxide (NaOH) solution was used to touch the 
eyelid margin of C57BL/6J mice for 10s to establish the 
model. The other eye was left untreated as a control group. 
Eyelid margin morphological changes and the meibomian 
glands (MGs) were observed by slit lamp microscopy on days 
5 and 10 post-burn. Hematoxylin-eosin (HE) staining and 
Oil red O staining were adopted in detecting the changes in 
MGs morphology and lipid deposition. Real-time polymerase 
chain reaction, Western blot, immunofluorescence staining 
and immunohistochemical staining were used to detect 
interleukin (IL)-6, IL-1β, IL-18, tumor necroses factor (TNF)-α, 
interferon (IFN)-γ, nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidase 4 (NOX4), 3-nitroturosine (3-
NT), 4-hydroxynonenal (4-HNE) and cytokeratin 10 (K10) 

expression changes in MGs.
● RESULTS: MGs showed plugging of orifice, glandular 
deficiency, abnormal acinar morphology, ductal dilatation, 
and lipid deposition after alkali burn. The expressions of IL-
6, IL-18, IL-1β, IFN-γ, and TNF-α indicators of inflammation 
and oxidative stress in MGs tissues were significantly 
increased. Abnormal keratinization increased in the MG duct.
● CONCLUSION: A murine model of MGD is established 
by alkali burn of the eyelid margin that matches the clinical 
presentation of MGD providing a stable, short-time, low-
cost, and reliable MGD model. The new method suggests 
efficient avenues for future research.
● KEYWORDS: alkali burn; meibomian gland dysfunction; 
animal model; oxidative stress
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INTRODUCTION

M eibomian glands (MGs) play a critical role in the eyes. 
It is embedded in the eyelids and can produce meibum, 

a lipid secretion. When blinking eyes, the meibum is secreted 
and evenly distributed on the ocular surface[1]. Meibomian 
gland dysfunction (MGD) will affect the tear film stability 
and eventually disrupt ocular surface homeostasis, causing 
epithelial damage and even clinical symptoms like dryness, 
discomfort and ocular pain[2-3].
MGD is a chronic pervasive disorder of the MGs characterized 
by altered glandular secretion or stenosis of the terminal ducts. 
Therefore, eye irritation and symptoms of the ocular surface 
disease can result from the altered tear film[4]. As a result of 
MGD, tear film instability and inflammation of the ocular 
surface as well as symptoms of ocular surface irritation occur, 
making MGD one of the greatest important causative factors 
of dry eye and severely reducing the life quality of patients 
with dry eyes[5]. Many intrinsic and extrinsic risk factors can 
lead to MGD. Several pathological mechanisms are involved, 
including lipid deficiencies, inflammation, microbial factors, 
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and aging. Keratinization of the meibomian ducts, MGs 
inflammation, Hyper-evaporation, microbial proliferation, and 
toxic cytokines cause MGD and corneal injury. MGD is one of 
the commonest ophthalmic disorders worldwide[6]. Globally, 
the prevalence of MGD differs by region and age, ranging from 
3.5% to 70%, with the highest prevalence of 49.2%–69.3% 
in the elderly[7-8]. The number of MGD patients is increasing 
yearly, but currently, there is no specific drug for MGD, which 
leads to an increased focus on further investigating MGD as 
well as an increased demand for a more reliable MGD animal 
model. However, the current MGD animal models still have a 
lot of controversies. 
Alkali burn is one of the common injuries in life. Solutions 
that can cause alkali burn include sodium hydroxide (NaOH) 
solution, KOH solution, and high-concentration Na2CO3 
solution. The body will suffer from alkali burn after the 
inflammatory reaction, regeneration of tissue structure in 
changes in glandular structure skin aging, etc[9-10]. Alkali 
burn is also a common experimental technique in animal 
experiments. It is generally used in constructing dry eye 
animal model and neovascular model[11-13]. Alkali burn is low-
cost, simple, controllable, and can be induced in animals with 
different degrees of injury according to experimental needs. 
Thus, the animal models of alkali burn are more compatible 
with clinical cases and therefore more reflective of objective 
clinical changes[14-16].
Many clinical investigations have found that the normal 
physiological structure and function of the MGs are altered 
in patients with alkali burns and that the degree of MGD 
increases as the alkali burn worsens[17-18]. Currently, the most 
commonly used experiment animals in MGD research are rat 
and rabbit[19-24]. However, there are no reports on the use of 
alkali burn to induce MGD in mice. It is of great importance 
to find a reliable MGD animal model in mouse, because 
compared to rats and rabbits, mice offer more antibodies and 
are cheaper to use as experimental animals.
In this study, alkali burn was further used to induce MGD in 
mice. The morphological and structural changes of the MGs as 
well as the signs of inflammation associated with MGD were 
monitored to validate the reliability of the alkali burn induced 
MGD mouse model.
MATERIALS AND METHODS
Ethical Approval  According to the Association for Research 
in Vision in Ophthalmology (ARVO) Statement for the Use 
of Animals in Ophthalmic and Vision Research, all studies 
were approved by the Animal Ethical Committee of Xiamen 
University.
Materials  Anti-tumor necroses factor (TNF)-α (ab66579, 
abcam, UK), anti-cytokeratin 10 (K10, ab76318, abcam, 
UK), anti-nicotinamide adenine dinucleotide phosphate 

(NADPH) oxidase 4 (NOX4, ab133303, abcam, UK), anti-4-
hydroxynonenal (4-HNE, ab46545, abcam, UK), the mouse 
anti-3-nitroturosine (3-NT, ab61392, abcam, UK) were from 
Abcam (Cambridge, UK). Anti-NOD-like receptor thermal 
protein domain associated protein 3 (NLRP3; 19771-1-AP, 
Proteintech, USA) was from Proteintech (Rosemont, USA). 
The Alexa Fluor 488-conjugated immunoglobulin G (IgG; 
A21206, Invitrogen, USA) was from Invitrogen (Eugene, OR, 
USA). Anti-β-actin antibody (AC026, ABclonal, China) was 
from ABclonal (Wuhan, China). Amounts of 6-diamidino-2-
phenylindole (DAPI; H-1200, Vector, USA) and mounting 
medium (H-5000, Vector, USA) were provided by Vector 
(Burlingame, USA).
Animals  In this study, male C57BL/6J mice between 12 and 
15wk were purchased from Beijing Vital River Laboratory 
Animal Center (Beijing, China. XMULAC20200169 2020-
12-18). We kept the animals in a pathogen-free environment 
between 25°C±1°C with 50% relative humidity and 12h cycles 
of light and dark (from 8 a.m. to 8 p.m.).
Animal Examination  After the animals were procured, 
fed in the animal housing room for 1wk and were stabilized, 
an ophthalmologist examined the lid margins and corneas 
through a slit-lamp microscope (Kanghua Science & 
Technology Co. Ltd., Chongqing, China). The conjunctiva sac 
was then injected with a solution of 1% sodium fluorescein 
(Jingmingxin Co, Ltd., Tianjin, China). A slit-lamp microscope 
equipped with a cobalt blue filter film was used to observe 
and record the corneal epithelial fluorescein staining 15s later. 
According to the previously reported criteria, the corneal injury 
was graded[25]. Mice could not be enrolled in the experiment if 
they had positive sodium fluorescein staining and damaged lid 
margins. Six to eight mice per group were guaranteed. 
Methods  We divided 24 mice into model group (left eye) and 
control group (right eye). A filter paper sheet (2 mm diameter) 
soaked in 1.0 mol/L NaOH solution was used to touch the right 
central margin of mice for 10s, and immediately was irrigated 
with 5 mL physiological saline (0.9% NaCl) to establish 
the model (Figure 1), and the other eye was left untreated 
as a control group. Then the MG was irrigated with 5 mL 
physiological saline (0.9% NaCl).
Experimental Procedure  Fluorescein staining was performed 
during the experiment in both groups (on days 0, 5, and 10). 
In the tenth day of the experiment, the MG tissue from all 
mice was carefully dissected and harvested for real-time 
polymerase chain reaction (PCR) analysis, Western blot, HE 
staining, Oil Red O staining, immunofluorescence staining, 
and immunohistochemistry following the methods described 
below.
Meibomian Glands Margin and Meibomian Glands 
Photography  One person holds the mouse on the edge of 
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the microscope (Takagi Seiko Co. Ltd. Nagano, Japan) stage 
with the left hand and gently lifts the mouse’s eyelid with 
the right hand so that the MGs margin is fully exposed and 
perpendicular to the light. The other person’s right hand adjusts 
the angle of the light source to fully illuminate the MGs margin 
of the mouse and ensure that there is no reflection, while 
the left hand adjusts the focus, orientation, and angle of the 
microscope to take the picture. Mice eyelids were removed and 
photographed with a stereoscopic zoom microscope (M165-
FC, Leica, Germany).
Fluorescein Sodium Staining Score  In a slit-lamp 
examination, one microliter of 1% sodium fluorescein liquid 
was injected into the conjunctival sac. After three blinks and 
15s, corneal epithelial damage was graded by cobalt blue filter.  
The cornea was divided into four quadrants and the total score 
is calculated: 0 points, no stain; 1 point, dotted with dye ≤30; 
2 points, dotted with dye >30 but not diffuse; 3 points, dots are 
serious but not fused; and 4 points, the dye is patchy.
Hematoxylin-Eosin Staining  After the eyelids were resected, 
fixation and dehydration of the eyelids tissue are performed 
according to the prescribed procedures. Dehydrated tissues 
were embedded in paraffin and sliced into 5 μm sections 
using a paraffin slicer (CM1950, Leica, Germany), and 
dried on a baking machine. Staining was first performed by 
dewaxing using xylene in two 15-minute cycles. Subsequently, 
dehydration was performed by a series of ethanol concentration 
decreases (100% ethanol concentration in two cycles, followed 
by 95%, 80%, and 70%). Hematoxylin staining was performed 
for 5min. The stained sections were then washed with distilled 
deionized water (DDW), fractionated in hydrochloric acid 
ethanol, and rinsed again with DDW. Finally, the stained 
sections were stained with eosin for 5min, dehydrated 
according to the experimental procedure, and sealed with 
H-5000. Stained sections were imaged under a microscope 
(Eclipse 50i, Nikon, Japan). 
Oil Red O Staining  Following the execution of the mice, 
the eyelids were removed and immediately put in 4% 
paraformaldehyde and placed in optimal cutting temperature 

compound. The frozen tissue blocks were cut into sections 
of 5 μm thickness using a frozen sectioning machine. It was 
then washed with 1× phosphate buffer solution (PBS) after 
being fixed for 5min. Initially soaked in 60% isopropanol for 
10s, then stained with freshly prepared Oil Red O solution 
for 15min, followed by 3s of rinsing with 60% isopropanol. 
The sections were re-stained with hematoxylin for 5min. 
Tissue dehydration was performed according to the prescribed 
dehydration process, and finally, the sections were sealed 
with 90% glycerol. Stained sections were imaged under a 
microscope (Eclipse 50i, Nikon, Japan).
Immunofluorescence Staining  The frozen sections were 
fixed for 15min with 4% paraformaldehyde. Following that, 
2% bull serum albumin (BSA) was applied to tissue sections 
for 30min at 37°C to prevent nonspecific background staining 
and incubated with K10 (1:300) antibodies for 12h at 4℃. 
Sections were washed with PBS, then the sections were 
incubated with Alexa Fluor 488-conjugated IgG (1:300) for 
60min at room temperature. Finally, the sample is stained with 
DAPI (H-1200). A microscope (DM2500, Leica, Germany) 
was then used to observe and photograph the sections.
Immunohistochemical Staining  Paraffin sections were 
deparaffinized according to the protocol, fixed with 4% 
paraformaldehyde for 15min and washed with 1×PBS, and 
citrate buffer was used for antigen repairing at 100℃ for 
10min and again washed with 1×PBS. For 10min, 3% H2O2 
was injected into methanol to inhibit endogenous peroxidase. 
Following this, tissue sections were blocked for 30min at room 
temperature with 2% BSA, followed by three washing cycles 
with 1×PBS. Incubating samples with NOX-4 (1:300), 4-HNE 
(1:300), and 3-NT (1:300) anti-bodies at 4℃ for 12h. After 
30min of incubation with biotin-labeled horse anti-mouse IgG 
serum, sections were treated for 30min with avidin-biotin-
alkaline phosphatase complex, washed three times in 1×PBS 
and developed in 3,3’-diaminobenzidine (DAB) chromogen 
solution. Antibody-stained tissues were counterstained with 
hematoxylin for 2min and mounted. In the end, the slides 
were sealed with H-5000. Sections were then observed and 
photographed using the microscope (DM2500, Leica, Germany).
RNA Extraction and Quantitative Reverse Transcription 
Polymerase Chain Reaction  The MGs of mice were 
removed and placed in Eppendorf (EP) tubes with 1 mL 
Trizol (15596018, Invitrogen, USA), and RNA from the tissue 
was extracted using the kit method and reverse transcribed 
into complementary deoxyribonucleic acid according to the 
instructions. A real-time fluorescent quantitative polymerase 
chain reaction (qPCR) instrument (12015137001, Roch, 
Switzerland) was used for processing, using the following 
thermal profile: 10min at 95°C, 10s at 90°C, 30s of annealing 
and extension at 60°C, and 40 cycles of annealing and 

Figure 1 Eyelid margin of C57BL/6J mice was burned under a slit 

lamp with filter paper infiltrated with 1.0 mol/L NaOH solutions.
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extension. A comparative cycle threshold (CT) method was 
used to analyze qPCR results, and an endogenous reference 
gene was adopted to calculate the relative expression of each 
target gene for normalization and calibration with the normal 
group. The primers of qRT-PCR used are summarized in 
Table 1.
Western Blot Analysis  After mice were executed in each 
group, the MGs were removed in EP tubes with 0.1 mL RIPA 
and 1 μL protease and phosphatase inhibitors, MGs were 
ground to collect proteins, after SDS-PAGE electrophoresis 
and polyvinylidene fluoride (PVDF) membrane transfer, 
and blocked with 2% BSA for 1h; TNF-α (1:1000); NLRP3 
(1:1000) and β-actin (1:10 000) was added separately for 
12h in 4℃, 1×Tris buffered saline with tween (TBST) rinsed 
3 times each time for 5–10min, and add goat anti-rabbit 
IgG antibody (1:500) and incubate for 1h, 1×TBST rinsed 
3 times each time for 5–10min, The secondary antibodies 
were incubated for 2h with enhanced chemiluminescence 
reagent (P10300, NCM Biotech, China) in a transilluminator 
(ChemiDoc XRS System, Bio-Rad, USA).
Statistical Analysis  The data were manipulated using 
GraphPad Prism 8.0 software (GraphPad Software Inc, 
SanDiego, CA, USA). One-way ANOVA was conducted to 
analyze differences in corneal fluorescein staining scores, 
The Mann-Whitney test was used to compare the differences 
in relative mRNA rates. A significance level of P<0.05 was 
considered statistically significant. 
RESULTS
Alkali Burn Leads to the Damage of Mice Eyelid Margin 
and Corneas  The clinical symptoms of MGD are diverse 
and complex, including changes in eyelid morphology, altered 
secretions, and glands atrophy or dropout. A slit lamp is 
used to determine the morphological changes of mice eyelid 
margins, including meibomian orifice plugging, hyperemia, 
and telangiectasias. The eyelid of mice in the control group 
was smooth and flat, without eyelid margin thickening and MG 
orifices secretions blocked. As of the 5th day after alkali burn, 
MGs margins were uneven, blepharons showed hyperemia, 
part of the eyelid tissues showed edema, and partial MGs 
openings were blocked. The condition on the tenth day was 
similar to that of the fifth day, the MGs margin was uneven, 
the blepharoedema was subsided and partial MG openings 
were blocked by hoary secretions with neovascularization in 
the palpebral margin.
MGs is a key component of the tear film and assist maintain 
ocular surface microenvironment homeostasis. When these 
MGs are atrophic, absent or non-functional, the ocular surface 
will also suffer secondary damage. In our results, the ocular 
surface photography showed that there no white spots and 
clouds in the cornea of the control group and the alkali burn 

group in day 0, indicating that the alkali burn did not damage 
the corneal. We used corneal fluorescein staining to find out 
whether the corneal epithelium is defective. The results showed 
that the corneal epithelium was glossy and clear in control 
group and without diffuse staining. However, the corneas in 
the experimental group showed diffuse patchy staining with 
fluorescein staining on days 5 and 10 (Figure 2). The results 
show that alkali burn model can cause obstruction of MGs, 
neovascularization and secondary corneal injury in mice.
Alkali Burn Causes Obstruction and Atrophy of the MGs 
and Dilation of the Ductules  To observe the changes in the 
MGs, the glands were photographed 5 and 10d after the alkali 
burn. MGs of the control group were intact and arranged in an 
orderly manner. The MGs in the experimental group showed 
distortion and atrophy on the fifth day, and the glands dropout 
was observed on the tenth day. Overall, the alkali burn mice 
demonstrate more extensive MGs dropout than the control 
group (Figure 3A). According to H&E staining, the main duct 
dilatations in the experimental group were severe, and the 
walls of the gland ducts were thickened (Figure 3B). There 
was more oil-red staining in gland ducts of alkali-burned 
mice, suggesting the accumulation of lipids in the MGs and 
indicating abnormal lipid metabolism in MGs (Figure 3C). It is 
evidence that MGs obstruction occurs in the alkali burn model, 
accompanied by MGs morphology and function alterations.
Oxidative Stress and Inflammatory Signaling Pathways  
Activated After Alkali Burn  In alkali burn model, lipid 
oxidation may contribute to MGs inflammation. It is well 
known that oxidative processes promote inflammation 
in a lot of diseases and activate inflammatory cytokines 
to promote inflammation. 3-NT, NOX4, and 4-HNE are 
three important markers of oxidative stress. The 4-HNE is 
the most popular marker of lipid peroxidation, almost all 
4-HNE comes from phospholipid-bound arachidonic acid. 

Table 1 Primers used in the study

Gene name  Sequence (5’-3’)
IL-1β-F GCACTACAGGCTCCGAGATGAA
IL-1β-R GTCGTTGCTTGGTTCTCCTTGT
INF-γ-F CTTCAGCAACAGCAAGGCGAAA
INF-γ-R CCGAATCAGCAGCGACTCCT
IL-6-F CTTGGGACTGATGCTGGTGACA
IL-6-R GCCTCCGACTTGTGAAGTGGTA
TNF-α-F ACAGCAAGGGACTAGCCAGGAG
TNF-α-R AGTGCCTCTTCTGCCAGTTCCA
K10-F CTGGCGATGTGAACGTGGAA
K10-R GTCCCTGAACAGTGCGTCTC
Actin-F AGATCAAGATCATTGCTCCTCCT
Actin-R  ACGCAGCTCAGTAACAGTCC

IFN: Interferon; TNF: Tumor necroses factor; IL: Interleukin; K10: 

Cytokeratin 10.
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A pathophysiological process, inflammation occurs when 
tissue is damaged or microbial invasion occurs. Multiple pro-
inflammatory cytokines including TNF-α, interleukin (IL)-6, 
and IL-1β are activated in the injury response. Observations 
of immunohistochemistry showed that the expression of 
3-NT, NOX4, and 4-HNE increased after alkali burn (Figure 
4A) compared with the normal mice. We further explored the 
changes in inflammatory signaling pathways and inflammatory 
factors after alkali burn. Western blot was adopted to detect 
the expression level of TNF-α and NLRP3 in MGs. The 
expression level of TNF-α and NLRP3 was obviously 
increased in the alkali burn model (Figure 4B). Meanwhile, by 
real-time PCR, we examined the mRNA expression levels of 

interferon (IFN)-γ, TNF-α, IL-6, IL-18, and IL-1β in MGs were 
significantly increased compared to normal mice (Figure 4C).
Keratinization of the Meibomian Ducts in Alkali Burn 
Model  Symptoms of obstructive MGD include degraded gland 
expansion and atrophy caused by hyperkeratinization of the 
ducts. An examination of the expression of K10 as a biomarker 
of epithelial keratinization was undertaken. The expression 
of K10 in the MGs after alkali burn was up-regulated by real-
time PCR (Figure 5A). Further immunofluorescence staining 
showed that the expression of K10 in the MGs ducts of the 
alkali burn mice was higher than normal mice (Figure 5B). 
These results indicate that the alkali burn model can induce 
ductal hyperkeratinization, leading to obstructive MGD.

Figure 2 MGs and ocular surface of mice after alkali burn A: Morphological changes of mice eyelid margin and corneal fluorescein sodium 

staining on days 5 and 10 after alkali burn; B: The corneal fluorescein staining scores of each group of mice. Data are mean±SD, n=6. P values 

were calculated using two-tailed unpaired t-tests. cP<0.001. SD: Standard deviation; MG: Meibomian gland.

Figure 3 Histological changes of MGs in mice after alkali burn  A: Changes of the MGs at 5 and 10d after alkali burn. Red arrows show the 

atrophy and drop out of the MGs. B: H&E staining of the MGs. Red arrows show the gland ducts of the MGs. C: Oil red staining of the MGs. 

Black arrows show the ducts of the MGs. H&E: Hematoxylin-eosin staining; MG: Meibomian gland.
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DISCUSSION
MGD is a chronic, diffuse abnormality of the MGs characterized 
by terminal duct obstruction and/or alteration in the quality/
quantity of glandular secretions. MGD can cause changes 
in the tear film, symptoms of ocular irritation, significant 
inflammation even ocular surface disease. Among other 

things, tear film changes can seriously affect the ocular surface 
microenvironment homeostasis. The tear film is structured into 
the lipid layer, the aqueous layer and the mucin layer, of which 
the presence of the lipid layer is critical and functions as an 
aqueous barrier to prevent tear evaporation. The lipid layer of 
tear film is mainly secreted by MGs. Recent epidemiological 

Figure 4 Expression of oxidative stress markers and inflammatory factors in MGs after alkali burn   A: The immunohistochemical staining of 

3-NT, NOX4, and 4-HNE in MGs. B: Western blot of the expression of TNF-α and NLRP3 in MGs; C: The mRNA expression level of IFN-γ, TNF-α, 

IL-6, IL-18, and IL-1β in MGs. Data are mean±SD. n=3. P values were calculated using two-tailed unpaired t-tests. aP<0.05. MG: Meibomian 

gland; NOX4: NADPH oxidase 4; 3-NT: 3-nitroturosine; 4-HNE: 4-Hydroxynonenal; IFN: Interferon; TNF: Tumor necroses factor; IL: Interleukin; 

NLRP3: NOD-like receptor thermal protein domain associated protein 3.

Figure 5 Keratinization of the meibomian gland duct in an alkali burn model  A: mRNA expression of K10 in the MGs of normal mice and alkali 

burned mice. Data are mean±SD, n=3. P values were calculated using two-tailed unpaired t-tests. aP<0.05. B: Immunofluorescence analysis of 

K10 in the MGs of normal mice and alkali burned mice. Red arrows show the K10 expressing cells on the MGs ducts in the experimental group. 

MG: Meibomian gland; K10: Cytokeratin 10.
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surveys have shown that the global prevalence of MGD is 
increasing year by year, which has become a human health 
concern[5-7].
As the researches focusing on MGD gradually increases, there 
is emerging evidence showing that the immunopathogenesis 
of MGD is complicated involving lipid composition changes, 
gland obstruction, loss of PPAR-γ expression, oxidative stress, 
chronic inflammation, etc[26-28]. Researchers’ first hurdle was 
the lack of a suitable MGD animal model. From the 1980s 
onwards, Jester et al[29] found that injection of epinephrine 
into the rabbit eyelid can cause keratinization of the MGs 
catheter and induce MGD. With the further study of MGD, the 
pathogenesis of MGD was found to be extremely complex[30]. 
There is more than one cause of MGD, so animal models of 
MGD are time-consuming to construct, taking approximately 
six months accompanied by a low success rate. In the late 20th 
century, with rapid advances in gene technology, many MGD 
gene-deficient animal models appeared, including K5-GR 
mice, Bark2-null mice, Eda-/- mice, Sod1-/- mice, ApoE-/- mice, 
etc[31-35]. Genetic knockout can induce MGD in mice, and the 
success rate was higher. Undeniably, because of its significant 
animal cost and time, it is difficult to widely used. Besides, it 
requires feeding mice with a particular diet, rather than regular 
mouse chow. It is difficult to raise in large quantities.
In 2018, Dong et al[19] successfully developed a MGD model, 
with slim guidewires into the MGs orifices and destroy the 
MGs. However, this model is mostly used for rats not mice. 
The method is difficult to perform, and the major symptoms 
show late. These methods need higher requirements for 
researchers, which hinder researchers from using these animal 
models.
The MGs of C57BL/6J mice is similar to humans[24]. The 
C57BL/6J mice are the cheapest and the most widely used 
animals in research. Stable and reliable MGD model can be 
acquired with a simple and easy maneuver. Then this MGD 
model can be widely used in research. In this study, we burned 
the MGs marge with filter paper soaked with 1 mol/L NaOH 
solution for 10s. The wound surface was not too large and 
corneal injury was prevented by using an accurate location.
In present study, we used the experimental method of alkali 
burn to induce MGD of mice for the first time, which has been 
widely used in dry eye and neovascularization studies in other 
animals. Alkali burn has been previously reported to cause 
tissue damage with structural change and inflammatory storm 
generation[36-39]. As we know, secondary ocular surface injury is 
a common pathological phenomenon and clinical manifestation 
of MGD. The MGs-derived lipid layer keeps water from 
evaporating from the ocular surface. According to studies, 
patients with obstructive MGD had decreased tear evaporation 
rates, MGs dropout, poorly secreted meibum, and signs of 

inflammation. It was found that tear evaporation increased with 
MGD severity. In addition, the abnormal quality and quantity 
of meibum will bring about decreased tear lipid layers, 
hyperosmolar tears, and mechanical friction at the ocular 
surface, all of these can bring about ocular surface damage. 
Sodium fluorescein staining score was higher in patients with 
MGD than those without MGD[28]. In our results, alkali burn 
which induces positive fluorescein corneal staining in mice 
can result in secondary ocular surface injury. We also observed 
that alkali burn can induce obstruction of the MGs, dilated 
ductules, atrophy of glands, glands dropout, keratinization of 
ducts, hyperemia of the eyelid margin, epithelial defects in 
mice cornea and increased expression of inflammatory factors. 
The cornea is transparent without scar formation during 
our observation. Based on this, it can be concluded that the 
obtained model is compliant with the clinical requirements of 
MGD.
The etiology of MGD is tangled, it is determined by the 
integration of many factors. The dominant belief is that chronic 
inflammation is central to MGD, and hyperkeratinization, 
atrophy and imbalance in the oxidative stress system are 
important components of MGD[4,31,40-41]. Studies pointed out 
that the key link in the occurrence and development of MGD 
was chronic inflammatory reaction[19,42-43]. NLRP3 plays an 
essential role in inflammatory responses[44]. Several studies 
have demonstrated abnormalities in inflammation associated 
with dry eye. Animal models with dry eyes exhibit higher 
levels of inflammatory factors expression. People with dry 
eyes show elevated levels of various inflammatory markers, 
including cytokines, chemokines, and prostaglandins[45]. 
Therefore, we investigated whether the inflammation signaling 
pathway and inflammatory factors are activated in the alkali 
burn model. The results showed that the inflammation signaling 
pathway was activated and IL-18, IL-6, IFN-γ, IL-1β, and 
TNF-α inflammatory factors were highly expressed in MGs 
of the alkali burn model, further confirming the inflammatory 
environment of the MGs.
Hyperkeratinization is the primary cause of obstructive MGD, 
which results in gland dilatation and atrophy. In alkali burns 
model MGs, hematoxylin-eosin staining showed dilation 
and immunofluorescence analysis showed upregulated K10 
expression. These results indicated that the MGs of alkali burn 
model mice undergoing hyperkeratosis induced MGD and 
glands dilatation or atrophy. An accumulation of lipids in the 
glands may lead to vicious cycle of pathological changes. We 
also observed atrophy and drop out of the lower MG without 
alkali burn operation. This may be related to the mice being 
the age and the lower MG structure[6].
Lipid peroxidation-induced oxidative stress is a keymechanisms 
contributing to MGD[31,34,40,46]. The hyperkeratinization of the 
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MGs duct could obstruct and exaggerate lipid accumulation 
in acinar cells, thereby inducing reactive oxygen species 
(ROS). Oxidative stress can raise the production of ROS, 
which induces the expression of inflammatory cytokines[47]. 
Therefore, in the present study, results showed highly expression 
of NOX-4, 3-NT, and 4-HNE in MG tissues and activated 
inflammation signaling pathway as well as the expression 
of inflammatory cytokines, which is consistent with MGD 
patients.
In brief, we created an MGD mice model by alkali burn in the 
eyelid margin that resembled the clinical presentation of MGD, 
furnishing a stable, short-time, low-cost and reliable MGD 
model. The new method suggested efficient avenues for future 
research.
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