
Figure 7:  IHC Evaluation of Hydrophobic and Hydrophilic slides

Figure 5: Macroscopic Comparison of Tissue Retention on Hydrophobic and Hydrophilic Slides

Figure 3: Drop Surface Contact Angles of Hydrophobic, Hydrophilic and Untreated Slides. 

Figure 1: Distribution of Buffer on Hydrophobic and 
Hydrophilic Surfaces of Microscope Slides. 

Table 1: Percent Tissue Retention and IHC Signal. 

Figure 4A  and 4B:  X‐Ray Photoelectron Spectroscopy of Surface‐Modified Microscope Slides
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Background: Tissue loss during Immunohistochemical procedures may occur due to weak interactions of tissue samples with glass surfaces, resulting 
in loss of time & resources for the cost conscious laboratory. The present study investigated the surface chemistry of several commercially available 
“hydrophobic” and “hydrophilic” slides and compared the two with regards to tissue retention, IHC signal and reagent dispersal.

Design: Several commercially available microscope slides were compared to slides that displayed hydrophilic characteristics. Slide reagent dispersal 
and drop contact angle were measured to assess hydrophobicity and hydrophilicity of slides. X‐ray photoelectron spectroscopy (XPS) was also used to 
measure the density of amino groups attached to slide surfaces. Slide hydrophilicity was measured by depositing 200 μl of dyed tris buffered saline onto 
the center of each microscope slide. Digital images of slides were captured and analyzed using ImageJ image analysis software. Drop outline and area of 
spread were recorded for each type of slide (Figure 1). 

Microscope Slides: Untreated glass microscope slides were prepared by covalent coupling of positively charged amino groups directly
to the slide surface (Hydrophilic Plus; Bio SB, Santa Barbara, CA). Four different commercially available microscope slides  were included with all the 
experiments. Silanized slides were prepared by coating untreated glass slides with aminosilane. 

Slide surface chemistry: Slide wetting ability and drop contact angle were measured to assess hydrophobicity and hydrophilicity of slides. X‐ray 
photoelectron spectroscopy (XPS) was used to measure the density of amino groups attached to slide surfaces.

Wettability: Slide wettability was measured by first wetting slides for 10 seconds in distilled water, blotting excess water, and then depositing 200 l of 
dyed Tris buffered saline (TBS without detergent) onto the center of each horizontally positioned microscope slide. After five minutes digital images of 
slides were captured and analyzed using ImageJ image analysis software (NIH, http://rsbweb.nih.gov/ij/). Drop outline and area of spread were recorded 
for each type of slide and reported as percentage of the slide’s total working area.

Drop Contact Angle: To measure drop contact angle 2 μl of TBS was deposited on horizontally positioned slides. Digital images of drops were captured 
and analyzed with ImageJ software using DropSnake plug‐in (DropSnake, Biomedical Imaging Group, EPFL) according to the method of Stalder et.al., 
(4). At least 10 contact angles were measured for each slide type. Average values of contact angles and corresponding standard errors were plotted as a 
bar graph.

X‐ray Photoelectron Spectroscopy (XPS) : XPS was used to measure the density of amino groups attached to slide surfaces. Samples of glass slides (2 cm x 
2 cm squares) were attached to a sample holder and analyzed with a Kratos Axis Ultra XPS instrument (Kratos Analytical, Chestnut Ridge, NY) by using 
a monochromatic Al k‐alpha x‐ray source at 1486 eV and at 225 W. Data analysis and curve fitting was performed with the Casa XPS software (CasaXPS 
Software Ltd., http://www.casaxps.com/). Relative content of amino groups was measured as an area corresponding to Gaussian peak at 399 ev.

Tissue Adherence and Immunohistochemistry (IHC): Fifty‐six formalin‐fixed paraffin‐embedded (FFPE) tissues were selected that were known to be prone 
to detach after HIER treatment. The ability of the different types of slides to retain tissue specimens after thermal treatment and IHC was evaluated 
along with tissue morphology and the quality and intensity of the staining signals. Slides were mounted with two different tissues. The top tissue on 
each slide are optimally prepared tissues that generally strongly adhered to slide surfaces. The bottom tissue on each slide was selected from a group
of tissues prone to tissue detachment. Each slide was mounted with serial sections. Tissue adherence was evaluated by measuring the proportion 
of the total tissue area that remained attached to the slide following treatment. Digital images of tissues were captured and analyzed with ImageJ 
software to calculate the percentage of remaining tissue. Complete tissue loss was calculated as 0%, and no tissue detachment was calculated as 
100%. The HIER procedure comprised heating deparaffinized sections for 15 minutes at 121° C in a pressure chamber with an antigen retrieval solution 
(ImmunoDNAretriever; Bio SB). All IHC reagents and antibodies were used according to the manufacturer’s instructions. The primary antibodies 
included CD31, CD34, Factor VIII, HER‐2/neu, Cytokeratin AE1/AE3, Melanoma HMB‐45 and Ki67 and were detected with a polymeric, two‐step, non‐
biotin IHC Detection System (PolyDetector HRP/DAB, Bio SB) or with a three‐step, biotin‐streptavidin‐HRP IHC system (ImmunoDetector HRP/DAB, Bio 
SB). Results were evaluated independently by four different pathologists.

Results: Slide hydrophilicity was determined by analysis of drop spreading on the surface of hydrated slides. Note the amount of tissue detachment 
when HIER based methods were used to perform IHC (Figure 7) when comparing tissues mounted on industry standard “hydrophobic” slides versus 
slides that were hydrophilic in nature. Furthermore, slides that displayed a tendency to be “hydrophobic” experienced tissue wrinkling and damage 
upon HIER based methods due to hydrophobic slides trapping water (Figure 6).

Discussion: Stable and strong adhesion of a tissue specimen to the microscope slide surface while mitigating hydrophobic interactions is important for 
achieving successful and consistent sample preparation and Immunohistochemical staining. Untreated glass surfaces do not provide strong enough 
retention for many biological samples, and this has led to the widespread adoption of positively charged “hydrophobic” microscope slides for routine 
Immunohistochemistry analysis. Slides that display more hydrophilic properties than traditional hydrophobic slides are important in preventing tissue 
detachment and promoting reagent dispersal over the entire working area of the slide to ensure consistent and uniform results in Immunohistochemistry. 

Figure 1 shows the slide wettability measured by analysis of drop spreading on 
the surface of wetted slides. The buffer (without detergent) spread over 85% on 
untreated microscope slides and over 86% on Hydrophilic Slides. In contrast, the 

buffer was able to cover only an average of 15% of Hydrophobic slides from supplier 
B, C and D.

Figure 6:  H&E Evaluation of Hydrophobic and Hydrophilic slides

Figure  2: Schematic Diagram of Drop Contact Angles 
on Hydrophobic and Hydrophilic Slide Surfaces

Disclosure & Additional Information: Bio SB is an ISO 13485:2003 and FDA cGMP certified facility which manufactures IHC antibodies, detection systems and reagents. Although Bio SB manufactures and distributes hydrophilic slides for use in immunohistochemistry worldwide, all studies were carried out independently at different facilities to reduce any confirmation bias. Additionally, all institutions carrying out the 
study were not incentivized in any way by Bio SB Inc. Bio SB Inc. is located at 69 Santa Felicia Drive in Santa Barbara, California, USA.
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Image analysis of the contact angle drops provided the following results: 
Hydrophilic slides had significantly smaller contact angles with an 

average of 15° compared to both untreated 25° and supplier B,C,D and 
Silanized slides with an average of 38.8°

Measurements of slide wettability and contact angles indicated that Hydrophilic slides displayed greater hydrophilicity and Hydrophobic Slide Brand B slides 
displayed greater hydrophobicity. Untreated slides were intermediate to these other two slide types.

The relative concentration of amino groups on various slides was measured by XPS. Results showed that Hydrophilic slides contained approximately 3‐times the number 
of amino groups compared to hydrophobic  slides and greater than 30‐times the background measurement obtained from untreated slides.

Digital images of tissues were captured and analyzed using ImageJ software to calculate the percentage of remaining tissue. The range of percentage scores for each 
slide was recorded with the IHC score representing the range of scores for seven different antibodies. The results showed that Hydrophilic slides retained the greatest 

number of tissues and the highest percentage of tissue area (range = 90-100).

Macroscopic comparison of Hydrophobic slides from supplier C and Hydrophilic Plus slides following IHC for CD31 (top row) and Ki67 (bottom row). The top tissue on 
each slide is an optimally prepared tissue that generally gave strong adherence. The bottom tissue on each slide was selected from a group of tissues known for tissue 

detachment. Tissues with tendency for detachment indicated with red arrows.

Immunohistochemical evaluation of Ki-67 and CD31 experiments on hydrophobic slides (left) and hydrophilic slides (right). Notice post HIER tissue detachment that is 
present on hydrophobic slides when compared to hydrophilic slides highlighted with red arrows. HIER treatment involved pressure cooker based epitope retrieval in a 

citrate based solution with a pH of 6.0.

Comparison of several tissues stained with Hematoxylin & Eosin mounted on hydrophilic and hydrophobic slides. Notice tissue wrinkling indicated with arrows present in 
hydrophobic slides (left) due to entrapment of air bubbles when compared to hydrophilic slides (right).
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