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Comparison of the Effectiveness between Sampling Methods for
Protein Analysis of Tear Fluids
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Purpose: Although various sampling methods of tears from conjunctival sac have been reported, no previous study compared
their effectiveness or efficiency based on protein extraction. By comparing the compliance, volume and protein concentration of
each tear sampling method, we searched for the most efficient tear collection method.

Methods: Resting tear samples of 14 eyes of normal subjects were collected using Schirmer paper, capillary tube, cellolose ace-
tate rod and 3 different ophthalmic sponges made of different materials and density (Merocel®, KeraCel® and Weck-Cel®). After
centrifugation of the collected tear samples, the tear volume and protein concentration were measured for each method.
Additionally, the compliance of each tear sampling method was analyzed by numerically representing the amount of discomfort
experienced during resting tear collection.

Results: The average volume retrieved by each tear sampling method was 9.0 + 1.1 pL with no significant differences between
groups. The average concentration of protein retrieved by each tear sampling method was 5.3 + 1.2 pg/uL. Merocel® retrieved
7.6 £ 0.61 pg/pL, which was significantly higher than other sampling methods (p < 0.05). The compliance of Merocel® and the ca-
pillary tube were the highest, while KeraCel® showed the lowest compliance.

Conclusions: Merocel® retrieved the highest amount of protein and showed high compliance and may be the most effective and
easily applicable tear sampling method in clinical settings.
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Figure 1. Schematic diagram of the protocol for tear collection
by Merocel® ophthalmic sponge. (A) One drop of topical anes-
thesia was applied on both eyes. (B) After five seconds, 50 mi-
croliters of normal saline was dropped at the lateral con-
junctival sac (white arrow). (C) Tear fluid was collected at the
lateral conjunctival sac immediately after applying normal
saline. There was at least three day interval between each
method of tear film collection.
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Figure 2. Centrifuging method for collected tear samples. (A) Tear fluid containing samples were fixed in a pin-holed 0.2 mL eppen-
dorf tube. (B) The 0.2 mL eppendorf tube containing tear sample was fixed in a half-cut pipette tip. (C) The half-cut pipette tip was
fixed in a 1.5 mL eppendorf tube. Paraffin taping was done to prevent loss of tear fluid samples. After, that the sample was centri-

fuged at 13,000 rpm, 4°C for 5 minutes.

Table 1. Pain scoring during tear sampling

CR

SpM SpW SpV CT

Average pain score 2.6

1.5 1.8 3.0 1.6

Pain score grading; 1: No discomfort during the procedure, 2: Moderate discomfort during the procedure, 3: Severe discomfort during the procedure.
CR = cellolose acetate rod; Sch = Schirmer; SpM = Merocel®; SpW = Weck-Cel®; SpV = KeraCel®; CT = capillary tube.
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Figure 3. Comparison of volume of extracted tear fluid. There
was no significant difference between the volume of extracted
tear fluids of each samples. SpM = Merocel®; SpW =
Weck-Cel®; SpV = KeraCel®, CR = cellolose acetate rod;
Sch = Schirmer; CT = capillary tube; vol. = volume.
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Figure 4. Comparison of protein concentration of extracted tear fluid by electrophoresis. (A) Quantitative comparison of protein
concentration of extracted tear fluid by electrophoresis. SpM showed significantly higher concentration of protein compared to other
methods (p < 0.05). (B) Electrophoresis was performed for each tear samples collected by different methods. SpM = Merocel®,;
SpW = Weck-Cel®; SpV = KeraCel®; CR = cellolose acetate rod; Sch = Schirmer; CT = capillary tube; conc. = concentration.
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Figure 5. Comparison of protein concentration of 0.5% Bovine serum albumin after collection and extraction. (A) Quantitative com-
parison of protein concentration of 0.5% Bovine serum albumin after collection and extraction. SpM showed significantly higher
concentration of protein concentration compared to other methods (p < 0.05). (B) Electrophoresis was performed for each samples
collected by different methods. CR = cellolose acetate rod; Sch = Schirmer; SpW = Weck-Cel®; SpM = Merocel®; CT = capil-
lary tube; conc. = concentration; BSA = bovine serum albumin.
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