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RESUMO.- [Comparação de dois métodos de coleta de 
lágrima para quantificação proteica pelo método de 
Bradford.] Compararam-se dois métodos de coleta de lá-
grima para quantificação proteica, utilizando-se 58 olhos 
de 29 cães hígidos. As amostras foram coletadas utilizando-
-se fitas de teste da lágrima de Schirmer (Schirmer tear test 
- STT) e tubos microcapilares. Após obtidas, as amostras 
foram congeladas a -80o C e posteriormente analisadas pelo 
método de Bradford. Os resultados foram analisados pelo 
teste T de Student. A média da concentração proteica e des-
vio padrão das amostras obtidas com microcapilar foi de 
4,45mg/mL ±0,35 e 4,52mg/mL ±0,29 para olhos direito e 
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The aim of this study was to compare two methods of tear sampling for protein quanti-
fication. Tear samples were collected from 29 healthy dogs (58 eyes) using Schirmer tear 
test (STT) strip and microcapillary tubes. The samples were frozen at -80oC and analyzed 
by the Bradford method. Results were analyzed by Student’s t test. The average protein 
concentration and standard deviation from tears collected with microcapillary tube were 
4.45mg/mL ±0.35 and 4,52mg/mL ±0.29 for right and left eyes respectively. The average 
protein concentration and standard deviation from tears collected with Schirmer Tear Test 
(STT) strip were and 54.5mg/mL ±0.63 and 54.15mg/mL ±0.65 to right and left eyes res-
pectively. Statistically significant differences (p<0.001) were found between the methods. 
In the conditions in which this study was conducted, the average protein concentration 
obtained with the Bradford test from tear samples obtained by Schirmer Tear Test (STT) 
strip showed values higher than those obtained with microcapillary tube. It is important 
that concentration of tear protein pattern values should be analyzed according the method 
used to collect tear samples.
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esquerdo, respectivamente. Para as amostras obtidas com 
STT os resultados foram 4,45mg/mL ±0,35 and 4,52mg/
mL ±0,29 para olhos direito e esquerdo, respectivamente. 
Diferenças estatisticamente significativas (p<0,001) foram 
encontradas entre os dois métodos. Nas condições em que 
o trabalho foi conduzido, a média da concentração proteica 
pelo método de Bradford das amostras obtidas através das 
tiras do STT foi superior à obtida com o tubo microcapilar. 
Os valores padrão da concentração protéica da lágrima ob-
tida pelo método de Bradford devem ser analisados con-
siderando-se o método de coleta da lágrima, uma vez que 
este interfere significativamente nos resultados obtidos.
TERMOS DE INDEXAÇÃO: Lágrima, proteína, Schirmer, microca-
pillar, Bradford.

INTRODUCTION
The maintenance of an intact ocular surface depends on the 
preocular tear film (Gum et al. 2007), a mixture of secre-
tions from main lacrimal and accessory glands, meibomian 
glands and the corneal and conjunctival epithelium (Petz-
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nick et al. 2011). Its functions are lubrificate and removing 
the foreign material from the cornea and conjunctiva, pro-
viding nutrients to the avascular cornea, and the control of 
local bacterial flora in some species (Gum et al. 2007).

The relatively low number of proteins identified in pre-
vious studies may be due to the limited sensitivity of the 
methods employed, since using more sensitive methods as 
a mass spectrometry-based proteomic approach, 491 pro-
teins were identified in the tear fluid (De Souza et al. 2006).

Proteomic analysis has become an important factor to 
biomedical research, since it is a valuable means of stu-
dying the healthy and diseased eye (Markoulli et al. 2001, 
Petznick et al. 2011), and correlates with systemic or ocu-
lar disease (De Souza et al. 2006, Li et al. 2010). The main 
focus in clinical proteomics is the discovery of new proteins 
or peptides that work as biomarkers correlated to a speci-
fic disease (Couture et al. 2006, Grus et al. 2007, Campos 
et al. 2008). Metalloproteinases were identified in the dog 
(Couture et al. 2006) and equine tears from corneal injury 
(Ollivier et al. 2004), and dogs with cancer showed a diffe-
rent expression pattern of proteins (Campos et al. 2008). 
Quantitative determination of tear proteins is of increasing 
interest in ophthalmology, but remains a technical challen-
ge due to the small sample volumes available and the com-
plexity of its composition (Li et al. 2010).

However, variations resulting from different method-
ologies have been reported (Gachon et al. 1982, Chu et 
al. 2009). Different protein expression reported may be 
a result of true biological feature or from methodological 
variation (Lu et al. 2010). Lowry (Li et al. 2010) and Brad-
ford (Sitaramamma et al. 1998, Ananthi et al. 2008, Li et al. 
2010) methods were used to quantify proteins from tear 
samples (Ananthi et al. 2008, Lu et al. 2010). For proteomic 
analysis, tear samples can be obtained from microcapillary 
tubes (Gachon et al. 1982, Jones et al. 1997, Couture et al. 
2006, Grus et al. 2007, Green-Church et al. 2008) or from 
Schirmer tear test strips (Grus et al. 2007, Li et al. 2008, 
Roberts & Erickson 2008).

As variations in results between methods of protein 
quantification and of sample collection have been demons-
trated (Barabino et al. 2004, Li et al. 2008, Chu et al. 2009), 
we aim to study comparison of protein concentration from 
the same animal by the Bradford Method, using two diffe-
rent forms of tear collection, microcapillary tube and STT 
strip collection.

MATERIALS AND METHODS
This study was conducted in accordance with the ARVO State-
ment for the Use of Animals in Ophthalmic and Vision Research and 
approved by Ethic Committee for Animal Use (process number 
7872871/2010).

Animals
Twenty-nine healthy dogs from different breeds were used. 

Owners agreed having their dogs included in the research and sig-
ned the term of agreement. All dogs underwent complete clinical 

and ophthalmic examination, including slit lamp biomicroscopy4, 
Schirmer tear test (STT)5, applanation tonometry6 and fluorescein 
stain7 before their inclusion in this study. Blood was collected for 
complete blood count and biochemistry. Dogs with STT below 
15mm wetting/min were not included in this research.

Tear sample
Schirmer tear test (STT). Basal tears samples were collected 

using the STT2. No artificial tear secretion stimulation was perfor-
med. The strip was put in the inferior conjunctival fornix, in both 
eyes, waiting the strip to wet until reaching 30mm, irrespective 
elapsed time, using 25µL as the final volume. Each STT was stored 
in a polypropylene tube5 for further processing.

Microcapillary tube. Basal tears samples were also collected 
15 minutes after the STT5. Tears were collected from manually-
-restrained dogs using 25µL borosilicate glass microcapillary tu-
bes8 placed in the nasal cantus from conjunctival sac, in both eyes, 
waiting for the complete filling of the tube. Tears were collected 
always by the same operator and without topical anesthesia.

All samples were transferred immediately to polypropylene 
tubes8 and stored at minus 80oC until further processing. After te-
ars collection, eyes were stained with fluorescein7 to ensure their 
integrity.

Tears protein analysis
Protein extraction from STT5 strips was performed by elution 

with tri-distilled water. Each strip was cut into 3-5mm pieces and 
replaced in the same polypropylene tubes8. 500µL MiliQ water 
was added to this tube which was centrifuged for 30 minutes 
at 10,000xg. The supernatant was transferred to another poly-
propylene tube8 and stored at -20oC until the next day, when the 
samples were thawed and centrifuged for 5 minutes at 14,000xg.
Samples from microcapillary tubes9 proceeded directly to protein 
quantification without further handling.

Samples collected by both methods were processed by the 
Bradford method (Bradford 1976). Briefly, 10 µL samples from 
STT and microcappilary9 collection methods were mixed to 30µL 
MiliQ water, 10µL HCl10 0,1M and 300μL Bradford staining solu-
tion11. The absorbance was measured in a BioRad 3550-UV Mi-
croplate Reader at 595nm. Bovine albumin serum (BAS)12 was 
processed by the same method and used as a standard (Fig.1). 
Absorbance values from analyzed samples were interpolated in 
the standard curve (Fig.2) equation to obtain the tears protein 
concentration. All samples and standards were processed in trip-
licates. Statistical analysis was done by T-student test with MyNO-
VA program.

RESULTS
Using 10µL from STT tears (calculated to the original tear 
volume), the average protein concentration was 54.5mg/
mL ±0.63 and 54.15mg/mL ±0, for right and left eyes, res-
pectively. Average protein concentration from 10µL mi-
crocapillary tears was 4,45mg/mL ±0.35 and 4.52mg/mL 
±0.29 for right and left eyes, respectively. Statistic signifi-
cant difference (p<0.001) was found between the methods. 

4 Kowa SL® - Kowa, Tokyo, Japan.
5 Schirmer tear test®, Ophthalmos, São Paulo, SP, Brazil.
6 Tonopen - XL®, Reichert Inc., Depew, NY, USA.

7 Fluorescein strips, Ophthalmos, São Paulo, SP, Brazil.
8 Polipropilene micro tubes, Axygen Scientific Inc., CA, USA.
9 Microcaps®, Drummond Scientific Company, Pennsylvania, USA.
10 HCl - Hydrochloric acid , Quimex, Brazil.
11 Bradford solution- Coomassie brilhant blue G250 BioRad and phos-

phoric acid , VETEC, Brazil.
12 Bovine albumin serum (BAS)- Bovine Albumin, Sigma-Aldrich, USA.
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No significant difference was found between left and right 
eyes (standard curve and its equation) (R²=0.9846 was 
y=0.0605x + 0.5201) (Fig.2).

DISCUSSION
Researches with tear proteins have always been performed 
in humans and animals (Ollivier et al. 2004, Couture et al. 
2006), since they provide important information about the 
course and classification of some diseases and help to find 
diagnostic and therapeutic targets (Ananthi et al. 2008). 
The Bradford method is suggested as a sensitive method of 
tear protein quantification (Sitaramamma et al. 1998, Ham 
et al. 2007, Ananthi et al. 2008), as we observed. Previous 
comparisons between the Lowry and Bradford methods for 
the quantification of tear proteins showed significant diffe-
rences between both and higher values attributed by the 
Bradford method, alerting to the need of a careful interpre-
tation of the results (Lu et al. 2010).

Studies reported several techniques used for proteomic 
analysis of tears, like sodium dodecyl sulfate polyacrylami-
de gel electrophoresis (SDS-PAGE) (Green-Churchet et al. 
2008), enzyme-linked immunosorbent assay (ELISA), high-
-performance liquid chromatography (HPLC), matrix assis-
ted laser desorption ionization-time of flight (MALDI-TOF) 
(De Souza et al. 2008), surface-enhanced laser desorption 
ionization-TOF (SELDI-TOF), liquid chromatography cou-
pled with electrospray ionization (LC/MS) (Zhou et al. 

2003) and LTQ-Orbitrap mass spectrometer (De Souza et 
al. 2008). However, a simple change in the method of obtai-
ning the sample can affect the results (Li et al. 2008), since 
the quality of the analysis depends on the sample prepara-
tion (Ananthi et al. 2008).

Tear samples can be obtained by microcappilary tubes 
(Ananthi et al. 2008, Yoon et al. 2010, Petznick et al. 2011) 
or STT (Li et al. 2008), which have been used to collect tear 
samples and subjected to centrifugation to remove cells 
and debris (Van Haeringen et al. 1981, Ananthi et al. 2008, 
Li et al. 2008). Polyester rods were also used for collection 
and analysis of tears, proving be a viable alternative (Jones 
et al. 1997). Petznick et al. (2011) analyzed eye-flush tears 
method in cats and suggested to collect pooling eye-flush 
tears for tear analysis that need high total protein content. 
Nevertheless, the method of collection can be challenging, 
especially in individuals with dry eye (Ham et al. 2007), 
which encourages the use of STT strip by some researchers 
(Li et al. 2008).

Microcapillary and STT were previously compared in 
human tears protein quantification by Bradford method 
(Green-Church et al. 2008) with some differences from the 
technique used in this study. In that study, since they did 
not had a similar volume to compare, the authors used a 
pool of tears. Also, samples stayed at 4°C until analysis.

We have minimized these variations using the same dog 
with the same tears’ volume in each method. In our study 
the samples were frozen at -80oC (Zhou et al. 2003, Petzni-
ck et al. 2011), and stored for no longer than 2 months. It 
was proved that samples stored at -70°C (Sitaramamma et 
al. 1998, Ham et al. 2007, Yoon et al. 2010) for up to 4 mon-
ths preserved the tear proteins better than in 4°C or -20oC 
in a shorter time, when it was observed a reduction in the 
proteins of the sample (Sitaramamma et al. 1998).

We observed that protein average values from tears in 
dogs collected with microcapillary tube were close to the 
values previously described (6.3mg/mL ±0.4mg/mL) by 
Barrera et al. (1992). However, protein quantification re-
sults obtained from STT strip were higher than the ones 
obtained from the microcapillary samples. Roberts & Erick- 
son (2008) analyzed dogs’ tears collected with STT by 
electrophoresis and referred that tear fluids rates below 
2.5μL/min should be considered inadequate in this spe-
cies. Green-Church et al. (2008) found more total protein 
collected by the Schirmer strip method compared to the 
capillary collection method under qualitative comparison, 
as we observed in our quantitative method. Many unknown 
factors responsible for tear specific matrix effects appear to 
remain on the strip following protein extraction, what can 
be an advantage to antibody and cytokines analysis (Li et al. 
2008), but not for the quantification of proteins removed 
from the strip.

Although standard results can be obtained using only ca-
pillary tubes, the insistence on using STT for protein analy-
sis is due to the minimal invasiveness of the method, which 
makes it an interesting option for proteomics studies (Grus 
et al. 2007, Li et al. 2008). Besides that, the strip retains 
ocular surface proteins, considered by some authors an ad-
vantage to provide an enriched sample to compare normal 

Fig.1. Plaque for spectrophotometry reading. In the red, wells 
with dilutions for the standard curve, yellow wells with dilu-
tions of the samples from SST strip.

Fig.2. Dispersion of the standard curve and its equation. (Abs = 
absorbance; BSA = bovine serum albumin)
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and pathological environment if the analysis of the ocular 
surface is desirable (Li et al. 2008). However, we cannot de-
termine if these proteins came from ocular surface or from 
tears (Li et al. 2008), since STT strips can interact with the 
epithelium of the ocular surface (Van Haeringen et al. 1981, 
Green-Church et al. 2008). On the other side, samples col-
lected without touching the cornea or conjunctiva, like with 
the use of microcapillary cannot carry ocular surface pro-
teins (Li et al. 2008).

CONCLUSION
In the conditions in which this study was conducted, the 
average protein concentration of dog’s tear from sampling 
obtained by the Schirmer Tear Test strip showed values 
higher than those obtained with microcapillary tube. It is 
suggested that the referee values must be compared accor-
ding to the method used.
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