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Abstract
Purpose: To assess the effect of a novel intense pulsed light (IPL) therapy on tear proteins and lipids in eyes 
with Meibomian gland dysfunction (MGD).
Methods: Twenty‑four eyes of 12  patients with MGD were recruited and received five overlapping 
flashes (565‑1400 nm) directed at the lower eyelid. The IPL parameters include intensity: 2.5 to 6.5 J/cm2, 
voltage: 100 to 240 V, frequency: 50 to 60 Hz, input: 16 W, maximum optical energy: 23 J, pulse duration: 
<2.0 ms, and repetition time: 1‑3.5 s. Tear samples were evaluated immediately before and 2 weeks after 
IPL therapy and included measurements of protein concentration, electrophoretic mobility by using 
sodium dodecyl sulfate‑polyacrylamide gel electrophoresis, lipid profile assessments, and thin‑layer 
chromatography (TLC) for phospholipids.
Results: Significant improvements were observed in tear protein concentrations and molecular weight after IPL 
therapy. The most pronounced effect was in the molecular weight of tear lysozyme, lactoferrin, and albumin. Tear 
lipids showed an improvement in the concentrations of total lipids, triglycerides, cholesterol, and phospholipids. 
On TLC, the tears in patients with MGD had significantly lower amounts of anionic phosphatidylethanolamine, 
phosphatidylinositol, and phosphatidylserine but amounts zwitterionic neutral phospholipid phosphatidylcholine 
were normal. These anionic phospholipids showed obvious recovery after IPL therapy.
Conclusion: IPL therapy is effective in eyes with MGD. It improved tear protein and lipid content and composition. 
The anionic phospholipids were more responsive to IPL therapy than were the other zwitterionic phospholipids.
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INTRODUCTION

Meibomian gland dysfunction (MGD) is one of the most 
common causes of dry eye.[1] It is a diffuse malfunction of 
the Meibomian glands, whose terminal duct is completely 
or partially obstructed. The glandular secretion changes in 
quality or/and quantity, resulting in an unstable tear film.[1] 
Its main signs range from dryness, eye irritation, foreign 
body sensation, burning, watering, and fatigue.[2] Its 
occurrence fluctuates worldwide, from 3.5% to nearly 70%, 
and this makes scientists and clinical doctors anxious.[3]

MGD pathogenesis starts with ductal epithelium 
hyperkeratinization and increased meibum viscosity. 
The obstruction occurs when the terminal duct is filled 
with thickened meibum, which comprises keratinized 
cell material, resulting in intraglandular cystic dilation, 
gland failure, and low secretion.[1] Decreased meibum 
outflow increases the production and release of fatty 
acids, monoglycerides, and diglycerides by commensal 
bacteria into the tear film, thereby triggering irritation.[4,5]

Previous treatments for MGD varied from artificial 
tears, warm compression, Meibomian gland expression, 
and omega‑3 supplementation to topical cyclosporine and 
corticosteroids, and oral antibiotics; all of which provide 
only short‑term symptom relief.[6‑11] This indicates the 
need for more treatment options, including intense 
pulsed light (IPL) therapy. The early application of IPL 
was initiated in patients with dry eye disease  (DED), 
when a patient with rosacea showed improvement 
of dry eye symptoms after receiving IPL therapy. 
IPL therapy was first authorized by the U.S. Food 
and Drug Administration in 1995 for the treatment 
of lower‑limb telangiectasias. It is usually used in 
the cosmetic industry to treat vascular abnormalities, 
such as benign venous malformations, cavernous 
hemangiomas, telangiectasias, port‑wine stains, rosacea, 
and acne.[12‑16] This polychromatic, noncoherent, and 
broad‑spectrum pulsed light source applies a xenon 
flash lamp to emit wavelengths of light ranging from 
400 to 1200 nm, which simultaneously targets numerous 
chromophores  (such as hemoglobin and melanin). 
Numerous studies showed that hemoglobin primarily 
absorbs at a wavelength of 580 nm, causing the blood 
cells in the abnormal telangiectasias to absorb the light, 
coagulate, close the blood vessels, and thus reduce 
vascularization.[17] Moreover, IPL therapy has been 
employed in dermatology for treating hypertrichosis, 
facial rhytids, and pigmented lesions.[18] IPL therapy 
is an effective and safe monotherapy for managing 
inflammatory acne vulgaris, improving skin elasticity, 
and decreasing the amount and depth of wrinkles with a 
low complication risk.[19,20] Subsequent studies using IPL 
therapy for treating DED caused by MGD have regularly 
shown its benefits.[15,16,21‑23] This study aimed to assess the 
effect of a single session IPL therapy on tear proteins and 
lipids in patients with MGD.

METHODS

Patients
Patients  (mean age, 50  ±  10  years) diagnosed with 
MGD were selected from the outpatient ophthalmic 
unit of our institute. The patients complained of one 
of the following symptoms: dryness, foreign body 
sensation, burning, and tearing for more than 3 months. 
In addition, clinical examination revealed redness or 
thickening of the eyelid margin, telangiectasia, reduced 
or no secretions, poor tear break up time, and gland 
capping. The control group was selected from the 
workplace and previously diagnosed as not suffering 
from any eye disease.

Treatment Procedure
IPL therapy was applied as described by Toyos 
et al after obtaining written informed consent from all 
the patients.[24] The study was conducted according to 
the principles of the Declaration of Helsinki and was 
approved by the Human Research and Ethics Committee 
of our institute.

Using an IPL device  (Philips Lumea SC2007/60; 
Philips, Netherlands), we applied five overlapping 
flashes directed at the skin below the lower eyelid of the 
patients with no pressure. The emitted light wavelength 
ranged from 565 to 1400  nm, and the light intensity 
ranged from 2.5 to 6.5 J/cm2 according to Fitzpatrick skin 
type grading.[23] The operating voltage was 100‑240 V; 
frequency, 50‑60  Hz; input, 16 W; maximum optical 
energy, 23 J; pulse duration  <2.0 ms; and repetition 
time, 1‑3.5 s. During the IPL therapy, the treatment 
areas were identical for different patients. Ultrasound 
gel was applied on the patient’s face from the tragus to 
tragus to conduct the light, aid in spreading the energy 
recurrently, and offer a degree of safety.

Tear Sample Collection
Tear samples  (25‑100 µl) were collected from control 
subjects and from patients with MGD before and 
2  weeks after IPL therapy. Reflex tear secretion was 
stimulated by directing a jet of pressurized air onto the 
cornea. Mechanical or chemical stimulation was avoided 
because it could lead to an elevated level of albumin 
originating from the serum. Tear fluid was collected 
using 50‑µl glass capillaries and stored in polyethylene 
tubes at ‑20°C until analysis.[25]

Protein Analysis
Total protein content was obtained by measuring the 
absorbance at 750  nm by using a spectrophotometer 
(Evolution 600 PC UV‑Vis; Thermo Fisher Scientific, 
Madison, WI). The standard curve was generated by 
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plotting the absorbance at 750 nm of different standard 
protein concentrations of bovine serum albumin, and 
was used as a reference to determine the concentration 
of the unknown tear samples.[26] Protein composition 
of the tears was analyzed according to the molecular 
weight using sodium dodecyl sulfate‑polyacrylamide gel 
electrophoresis (SDS‑PAGE) employing 10% separating 
gel and 3% stacking gel.[27]

Lipid Analysis
Total lipid content was measured by reacting the 
lipids with sulfuric and phosphoric acids and vanillin 
to form a pink colored complex. The absorbance of 
the samples and standard was measured against that 
of the blank at 545  nm.[28] Cholesterol content was 
determined using an enzymatic colorimetric method 
after enzymatic hydrolysis and oxidation, by measuring 
the absorbance of the standard and tear samples against 
that of the blank at 500 nm.[29] Triglyceride content was 
determined using an enzymatic colorimetric method, 
and the absorbance of the samples and standard 
was measured against that of the blank at 505 nm.[30] 
Phospholipids were precipitated using trichloroacetic 
acid and oxidized to phosphate with sulfuric acid 
and perchloric acid. Inorganic phosphorus present as 
phosphate forms a phosphomolybdate complex with 
molybdic acid. The complex is reduced by stannous 
chloride to a blue colored complex, which can be 
measured colorimetrically at 650 nm.[31]

Thin‑layer chromatography  (TLC) was performed 
for quantitative analysis of phospholipids using 
a thick layer of silica gel on glass plates.[32] Four 
reference phospholipids of the highest purity, 
ranging in quantities from 30 to 60 µg, were pooled 
together. Phosphatidylinositol, phosphatidylcholine, 
phosphatidylethanolamine, and phosphatidylserine 
were used for this study and applied together with 50‑µl 
tear samples. All reagents were analytical‑reagent grade, 
purchased from Sigma‑Aldrich  (St. Louis, MO). The 
data on tear protein, lipid, and phospholipid contents, 
measured before and after treatment, were compared 
using Student’s t‑test. All values were expressed as the 
mean ± SD, and P < 0.05 was considered statistically 
significant.

RESULTS

Demographic Data
The participated subjects (24 subjects) in this study were 
divided into two groups: (a) control group (12 subject, 
50%, 24 eyes) was selected from the work place in our 
institute and (b) MGD group (12 subject, 50%, 24 eyes). 
The participants were of 50 ± 10 years of age. There were 
58.3% males and 41.7% females for both groups.

Total Protein Content
Figure 1 illustrates the concentration of tear proteins in 
the controls, patients before IPL therapy, and patients 
2 weeks after therapy. The total protein concentration 
was 53.65  ±  1.2  mg/ml and 72.13  ±  1.98  mg/ml in 
controls and patients with MGD, respectively (P < 0.001). 
Two weeks after IPL therapy, tear protein content in the 
patients showed an obvious improvement with a value 
of 56.23 ± 2.19 mg/ml, which was comparable to that in 
the controls (P < 0.05).

SDS‑PAGE
The SDS‑PAGE scanning patterns of tear proteins 
of the controls and patients before IPL therapy 
are illustrated in Figure  2. The control pattern 
was characterized by nine fractions representing 
the different tear protein fractions with varying 
molecular weights, broadening, and intensities. The 
most obvious fractions in the pattern were those 
of lysozyme  (14  kDa), serum albumin  (64  kDa), 
and lactoferrin  (85  kDa). The tear protein pattern 
of patients with MGD showed decreased intensity 
of lactoferrin and lysozyme and increased intensity of 
serum albumin. Moreover, the other protein fractions 
at 108, 200, and 285 kDa showed increased intensity, 
and the fraction at 183  kDa shifted towards the 
low molecular weight region at 161 kDa. The scanning 
pattern of tear proteins after IPL therapy [Figure 3] 
showed obvious improvement in the lysozyme, 
serum albumin, lactoferrin, and all other fractions; 
however, the fraction at 108  kDa shifted to the 
high molecular weight region at 133 kDa.

Measurement of Lipid Profiles
Figure  4 il lustrates the change in total l ipid, 
choles tero l ,  t r ig lycer ide ,  and phosphol ip id 
concentrations in the controls, patients before IPL 
therapy, and patients 2  weeks after therapy. Total 
tear lipids showed obvious improvement after 

Figure 1. Total protein content in tear samples from the controls 
and eyes of patients with Meibomian gland dysfunction (MGD) 
before treatment with intense pulsed light (IPL).
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TLC for Phospholipids
Figure 5 illustrates the concentrations of different polar 
phospholipids separated by TLC. Phosphatidylserine 
concentration in the control was 3.88 ± 0.01 µg/ml and 
then decreased to 2.53  ±  0.4 µg/ml in patients with 
MGD (P < 0.001) and increased to 3.7 ± 0.05 µg/ml in patients 
after IPL therapy. Phosphatidylinositol concentration in 
patients with MGD decreased significantly (P < 0.001) 
and improved after IPL therapy (P < 0.05) with values of 
5.4 ± 0.01, 3.76 ± 0.29, and 4.95 ± 0.01 µg/ml in the controls, 
patients before IPL therapy, and patients after therapy, 
respectively. Moreover, phosphatidylethanolamine 
concentration in patients with MGD decreased 
significantly and improved completely after IPL 
therapy (P > 0.05) with values of 4.46 ± 0.02, 3.13 ± 0.02, 
and 4.45 ± 0.04 µg/ml in the controls, patients before 
IPL therapy, and patients after therapy, respectively. 
Furthermore, phosphatidylcholine concentration 
in patients with MGD showed a non‑significant 
decrease  (P  >  0.05) compared to that in the controls, 
and the concentration in the controls was 11.06 ± 0.05 
and decreased to 10.65 ± 0.04 µg/ml in MGD patients. 
After 2  weeks, IPL therapy induced an increase in 
phosphatidylcholine concentration (12.88 ± 0.1 µg/ml; 
P < 0.05).

Figure 3. Electrophoretic pattern of tear proteins in the controls 
and patients after treatment with intense pulsed light (IPL).

Figure  5. The concentrations of different phospholipids 
obtained using thin‑layer chromatography in tear samples from 
the controls, patients before intense pulsed light (IPL) therapy, 
and patients after IPL therapy.

IPL therapy. The total lipid concentrations were 
7.87  ±  0.28, 4.41  ±  0.30 in the controls before IPL 
therapy (P < 0.001), and 6.60 ± 0.38 mg/ml for patients 
after IPL therapy (P < 0.05). Moreover, tear cholesterol 
concentration was 3.99 ± 0.54 mg/ml in the controls 
and significantly reduced to 3.27  ±  0.06  (P  <  0.01) 
and 3.65 ± 0.05 mg/ml (P < 0.05) in patients before 
and after IPL therapy, respectively, with percentage 
decreases of  18.11% and  8.41% compared to the 
controls. Additionally, tear triglyceride concentrations 
showed remarkable improvement in patients after 
IPL therapy  (P  <  0.001) compared to pretreatment 
values. The tear triglyceride values were 2.8 ± 0.16, 
2.46  ±  0.23, and 2.65  ±  0.23  mg/ml in the controls, 
patients before IPL therapy, and patients after therapy, 
respectively. The phospholipid concentration in the 
controls was 1.81 ± 0.12 mg/ml, which decreased to 
1.05 ± 0.13 mg/ml in patients with MGD (percentage 
decrease,  42%; P  <  0.001) and showed noticeable 
improvement after IPL therapy (1.53 ± 0.24 mg/ml) 
with a percentage decrease of 15.6% (P < 0.01).

Figure  4. The concentrations of total lipids, cholesterol, 
triglycerides, and phospholipids in tear samples from the 
controls, patients before intense pulsed light  (IPL) therapy, 
and patients after IPL therapy.

Figure  2. Electrophoretic pattern of tear proteins in the 
controls and patients before treatment with intense pulsed 
light (IPL).
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DISCUSSION

MGD is a widespread ocular surface disease. The efficacy 
of previous treatments for MGD remains temporary 
and unsatisfactory, suggesting the need for new 
therapeutic approaches. The tear film has an extremely 
ordered structure on the ocular surface, consisting of 
three layers: an outer lipid layer, a middle aqueous 
layer (which contains electrolytes, proteins, various 
metabolites, and some small organic molecules), and 
an inner mucin layer.[33] The consistency and function 
of the tear film depend on its biochemical structure.[34] 
It is a unique fluid with numerous functions including 
lubrication and protection of the cornea and ocular 
surfaces from infection. Additionally, it plays a vital 
role in the optical properties of the eye, provides vital 
nutrients and oxygen to the avascular cornea, transports 
fragments and cellular waste, and preserves a clear fluid 
to lubricate and moisturize the ocular surfaces. Tear film 
instability can produce variations in bacterial flora in the 
eyelids and conjunctiva, leading to the production of 
endotoxins, lipopolysaccharides and/or lipase activation, 
and causing eyelid inflammation and lipid changes.[35,36]

The effect of IPL therapy on DED was first recognized 
when patients being treated for acne, rosacea, or other 
skin complications reported improvements in their 
dry eye symptoms. The obtained data were promising 
and helped further modify and develop an IPL device 
aimed at the treatment of DED caused by MGD.[17]

In this study, a single IPL session was applied using 
a xenon flash lamp to the skin around the eyes of 
12 patients with MGD. Thereafter, we evaluated the tear 
protein content, SDS‑PAGE patterns, lipid profiles, and 
TLC concentrations of various phospholipids.

The results revealed significant improvements in 
the tear protein content of patients with MGD after IPL 
therapy. The decrease in the protein content of tear in 
eyes with MGD and the improvement after IPL therapy 
may directly affect the composition of tear proteins. 
In this study, SDS‑PAGE provided a good analysis of 
the main tear proteins, such as lactoferrin, lysozyme, 
albumin, 20‑ to 60‑kDa proteins, and immunoglobulins.[37] 
Lactoferrin is a multifunctional single‑chain polypeptide 
with antioxidant, bacteriostatic, and anti‑inflammatory 
properties. It is a metal‑binding protein present in high 
concentrations in human tears. Lysozyme is considered 
a glycolytic enzyme with an antimicrobial activity.[38]

SDS‑PAGE of the control tear samples revealed 
lactoferrin and lysozyme on the electrophoretic pattern, 
with molecular weights of 83 and 14 kDa, respectively.[37] 
The decrease in lactoferrin and lysozyme levels, as well 
as the increase in tear albumin level, in patients with 
MGD may have resulted from an inflammatory 
reaction.[37] Moreover, the decrease in lysozyme and 
lactoferrin levels can indicate the low antimicrobial 
defense capacity of tears, a high tendency for ocular 

infections, and offer useful information about the 
existence of local oxidative stress, which is intensified 
by the inflammatory reaction.[37,39] Furthermore, elevated 
levels of albumin and immunoglobulins, reported 
in several studies, indicate both inflammatory and 
foreign body reactions.[39] The electrophoretic pattern 
in Figure 3 also shows a significant improvement in all 
fractions after the IPL therapy, except for the fraction at 
108 kDa. This improvement in lysozyme and lactoferrin 
levels is the best indicator of the efficacy of IPL therapy, 
and the shift in the molecular weight from 108 to 133 kDa 
may be due to their irreversible nature or the need for 
more IPL sessions.

The alteration in quality of Meibomian gland secretion 
is the main characteristic of eyes with MGD. Hence, the 
change in lipid composition can result in lipid layer 
instability, loss of functionality, and finally disease signs. 
The obstruction of the Meibomian gland ducts affects 
the production of lipids required for the lipid layer of 
the tear film.[40] Thinning or loss of the lipid layer at the 
tear surface leads to increased tear evaporation, resulting 
in dry eye.[41] The tear film lipid layer mainly contains 
nonpolar, hydrophobic lipids such as cholesteryl 
esters, wax esters, monoglycerides, diglycerides, and 
triglycerides.[42,43] Additionally, smaller amounts of 
hydrophilic polar lipids, such as phospholipids, are 
present.[44] Polar lipids in the tear film lipid layer are 
necessary because nonpolar lipids are unable to cover 
the whole tear film and lack the elasticity to respond to 
changing surface tension.

In the present study, quantitative measurements of 
total lipids, cholesterol, triglycerides, and phospholipids 
were performed. Our data indicate significant decreases 
in the concentrations of total lipids, cholesterol, 
triglycerides, and phospholipids in the eyes of patients 
with MGD before IPL therapy. These results showed that 
the most significant changes occur in the composition 
of polar lipids  (phospholipids) rather than in that 
of nonpolar lipids  (cholesterol and triglycerides) as 
previously described.[45] Additionally, an analysis of 
the lipid components in patients with MGD showed 
a significant decrease in triglycerides and cholesterol. 
Decreased unsaturation of the nonpolar fatty acids tends 
to increase their melting point, thereby leading to the 
thickening of the meibum within the central duct and 
abnormal structure of the gland.[46]

The estimated amount of polar lipids in the tear 
ranges from 5 to 20 mol % of all lipids.[45,46] Regardless of 
their small proportion relative to that of nonpolar lipids, 
polar lipids seem to critically impact the function of the 
tear film lipid layer, the surface active properties of the 
tear film lipid layer compositions, and, consequently, 
the health of the ocular surface.[47,48] Furthermore, the 
decrease in total lipid content in eyes with MGD, found 
in this study, indicated a disturbance in the surface 
activity of the polar lipids because it depends on the 
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actual amount of lipids at the interface. Even with a 
very high content of polar lipids, no surface activity is 
detected if the total amount of lipids is too low to form 
a lipid layer.

Phospholipid structures are equally important 
in providing a thicker, more stable lipid layer in 
the tear. Phospholipids have basically zwitterionic 
and anionic types, forming the bi‑layer of the cell 
wall.[49] All phospholipids contain a negative charge 
on the oxygen attached to the phosphorous group. 
Phospholipids that have polar groups at R3 and a 
net negative charge, such as phosphatidylserine, 
phosphatidylethanolamine, and phosphatidylinositol, 
are defined as “anionic phospholipids.” If the polar 
groups at R3 contain a positive charge, such as in 
phosphatidylcholine, the overall net charge of the 
system is neutral, and such phospholipids are called 
“zwitterionic phospholipids”.

In this regard, an analysis of polar phospholipids using 
TLC showed a highly significant decrease  (P < 0.001) 
in the concentrations of the anionic phospholipids 
phosphatidylserine, phosphatidylinositol, and 
phosphatidylethanolamine in eyes with MGD. Their 
concentrations improved after IPL therapy, providing 
a constant interface between non‑polar lipids at the 
surface and the hydrophilic aqueous layer. These 
molecules enhance the lipid layer thickness and reduce 
the dry eye symptoms. Furthermore, the concentration 
of phosphatidylcholine in the tear film was comparable 
between patients with MGD and controls. This is in 
agreement with the finding of a previous study that 
reported low levels of anionic phosphatidylethanolamine, 
but not zwitterionic phospholipid phosphatidylcholine, 
were associated with evaporative dry eye.[50]

These results suggest some possible mechanisms 
whereby IPL therapy could treat the symptoms of 
eyes with MGD. First, the light from the IPL device 
is directly applied to the skin; this could result in the 
production of heat higher than the body temperature, 
which is enough to melt the pathological secretions, 
prevent inflammatory mediator secretion, and decrease 
bacterial overgrowth.[23,24] Previous studies showed that 
the melting point of Meibomian gland secretions in 
patients with MGD was 3°C higher than that in normal 
eyes, and thermal therapies such as IPL could melt the 
pathologically dysfunctional lipids and relieve the ocular 
surface symptoms associated with MGD.[3,11]

Second, the IPL device we used emits energy in a band 
ranging from the base of the visible spectrum (565 nm) 
to near infrared (1400 nm). Its basic principle depends 
on the absorption of photons by endogenous or 
exogenous chromophores within the skin, such 
as melanin, hemoglobin, and water. This energy, 
delivered to the target structures, produces heat by 
inducing a photothermal reaction and subsequent 
destruction of the target through a process called 

selective photothermolysis. This process seems to 
liquefy the abnormal viscous meibum, dilate the glands, 
and stimulate the secretion of normal meibum.[51] The 
wavelength should be selected (using a filter, available 
from 500 to 755 nm) depending on the absorption peak 
of the target chromophore, and the pulse duration should 
last less than the thermal relaxation time to limit the 
diffusion of heat and damage to surrounding structures. 
In addition, a varied range of treatment parameters, 
including pulse duration, pulse sequence, and pulse 
delay time, can be adapted, thus giving users better 
versatility and precision.[17,52]

Third, IPL therapy may exert an effect on relieving 
inflammation pain and neurogenic pain.[53] It acts 
as a powerful warm compress that liquefies the 
toothpaste like secretion plugging the gland, improves 
eyelid apposition, and thus the pumping mechanism 
of the Meibomian gland during blinking. Moreover, 
IPL therapy closes the microvasculature feeding the 
inflammatory mediators to the gland, hence inhibiting 
their abnormal function.[22] 

In conclusion, this study highlights the efficacy of 
using IPL as a therapeutic option for MGD, albeit during 
a short‑term follow‑up period  (2  weeks), and shows 
significant improvement in tear composition. A study with 
a larger sample size and longer follow‑up period would 
be helpful for better assessing both the effectiveness of the 
technique as well as any adverse events.
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