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ABSTRACT 

The invention is directed to methods and compositions for 
deparaf?niZing para?in-embedded biological samples for 
subsequent tissue staining. The compositions are micro 
emulsions that may include Water/oil/ surfactant microemul 
sions, and optionally a cosurfactant. The microemulsions 
enable deparaf?niZation Without the use of Xylene or tolu 
ene, and also enable solvent exchange Without the use of 
intermediary alcohol dehydration or alcohol rehydration 
compositions. 



US 2006/0134732 A1 

METHODS AND COMPOSITIONS FOR A 
MICROEMULSION-BASED TISSUE TREATMENT 

BACKGROUND 

[0001] 1. Field of the Invention 

[0002] The inventions described herein are directed to the 
general ?eld of anatomical pathology, and particularly to the 
preparation of biological samples, speci?cally tissue sec 
tions, for subsequent staining With chemical, immunohis 
tochemical or in situ hybridiZation-based compositions. The 
tissue preparation methods and compositions provide for 
novel depara?iniZation and solvent exchange of ?uids 
Within tissues, thereby readying them for further or poten 
tially simultaneous staining. 

[0003] 2. Description of Related Art 

[0004] The analysis of biological tissue samples is a 
valuable diagnostic tool used by the pathologist to diagnose 
many illnesses including cancer and infectious diseases and 
by the medical researcher to obtain information about cel 
lular structure. 

[0005] In order to obtain information from a biological 
tissue sample it usually is necessary to perform a number of 
preliminary operations to prepare the sample for analysis. 
While there are many variations of the procedures to prepare 
tissue samples for testing, these variations may be consid 
ered re?nements to adapt the process for individual tissues 
or because a particular technique is better suited to identify 
a speci?c chemical substance or biological marker Within 
the tissue sample. HoWever, the basic preparation techniques 
are essentially the same. Biological tissue samples may 
derive from solid tissue such as from a tissue biopsy or may 
derive from liquid-based preparations of cellular suspen 
sions such as from a smear (e.g., PAP smear), bone marroW, 
or cellular suspension. 

[0006] Typically such procedures may include the pro 
cessing of the tissue by ?xation, dehydration, in?ltration and 
embedding in para?in Wax; mounting of the tissue on a glass 
slide and then staining the sample; labeling of the tissue 
through the detection of various constituents; grid analysis 
of tissue sections, e.g., by an electron microscope, or the 
groWing of sample cells in culture dishes. 

[0007] Depending on the analysis or testing to be done, a 
sample may have to undergo a number of preliminary steps 
or treatments or procedures before it is ready to be analyZed 
for its informational content. Typically the procedures are 
complex and time consuming, involving several tightly 
sequenced steps often utiliZing expensive and/ or toxic mate 
rials. 

[0008] For example, a typical tissue sample may undergo 
an optical microscopic examination so that the relationship 
of various cells to each other may be determined or abnor 
malities may be uncovered. Thus, the tissue sample must be 
an extremely thin strip of tissue so that light may be 
transmitted therethrough. The average thickness of the tissue 
sample or slice (often referred to as a “section”) is on the 
order of 2 to 10 micrometers (l micrometer=1/1oooth of a 
millimeter). Typically, a tissue sample is either froZen or 
?xed in a material (a ?xative) Which not only preserves the 
cellular structure but also stops any further enZymatic action 
Which could result in the putri?cation or autolysis of the 
tissue. 
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[0009] After ?xation, the tissue sample is then dehydrated 
by the removal of Water from the sample through the use of 
increasing strengths of a Water-miscible alcohol, typically 
ethanol. The alcohol then is replaced by a chemical, typi 
cally a nonpolar material, Which mixes With paraffin Wax or 
some other plastic substance impregnant Which can perme 
ate the tissue sample and give it a consistency suitable for 
the preparation of thin sections Without disintegration or 
splitting. The process of removing the Water, or aqueous 
based solutions, and replacing it With a nonpolar material, 
such as a nonpolar organic solvent, is called “solvent 
exchange” because it involves the sequential exposure of the 
tissue to solvent solutions of varying proportions of Water/ 
alcohol/nonpolar organic solvent until the Water in the tissue 
is exchanged With another ?uid (or When embedding tissue, 
a semi-solid para?in Wax also commonly referred to as 
para?in). Solvent exchange can be used in either direction, 
i.e., it is a 2-Way process; such as the process of removing 
the Water and replacing it With a nonpolar material, and the 
process of removing the nonpolar material and replacing it 
With Water. 

[0010] A microtome is then utiliZed to cut thin slices from 
the para?in-embedded tissue sample. The slices may be on 
the order of 5 to 6 micrometers thick While the diameter may 
be on the order of 5000 to 20000 microns. The cut thin 
sections are ?oated on a Water bath to spread or ?atten the 
section. The section is then disposed on a glass slide usually 
measuring about 2.5 by 8 centimeters (1x3 inches). 

[0011] The para?in Wax or other impregnant is then 
removed by solvent exchange, e.g., exposing the sample to 
a para?in solvent such as xylene, toluene or limonene, the 
solvent then being removed by alcohol, and the alcohol 
removed by sequential alcohol/Water mixtures of decreasing 
alcoholic concentrations, until eventually the tissue is once 
more in?ltrated by Water or aqueous solutions. The in?ltra 
tion of the sample by Water permits the staining of the cell 
constituents by Water soluble chemical and immunochemi 
cal dyes. This process is knoWn as a depara?iniZing process. 

[0012] Certain aspects of the depara?iniZing process have 
been improved in recent years. Toxic para?in solvents such 
as xylene and toluene are noW replaceable With less toxic 
nonpolar organic solvents such as Terpene Oil (e.g. Ameri 
ClearTM, Baxter Healthcare Diagnostics, McGaW Park, Ill.), 
isopara?inic hydrocarbons such as MicroClearTM from 
Micron Diagnostics of Fairfax, Va., and Histolene, a deW 
axer that is 96% d-Limonene (Fronine Pty Ltd, Riverstone, 
NeW South Wales, Australia). NeW automated methods have 
also debuted. For example, Ventana Medical Systems’ US. 
Pat. No. 6,544,798 describes an automated method of 
removing para?in Wax from tissue sections using only hot 
Water With surfactant. The process relies on the physical 
partitioning of the lique?ed para?in from the tissue by taking 
advantage of the immiscibility of lique?ed para?in and hot 
Water. The process is Widely used on the BENCHMARK® 
series of automated tissue stainers. 

[0013] US. Pat. No. 6,632,598 (Zhang et al.) describes 
methods and compositions for depara?iniZing para?in-em 
bedded tissue. The method involves contacting a para?in 
Wax-embedded specimen With a deWaxing composition to 
solubiliZe the Wax impregnating the specimen prior to 
histochemical analysis. The deWaxing compositions speci? 
cally include a para?in-solubiliZing organic solvent selected 
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from the group consisting of aromatic hydrocarbons, terpe 
nes and isopara?inic hydrocarbons, a polar organic solvent, 
and a surfactant to solubiliZe the Wax associated With the 
specimen. Compositions can further comprise Water. A cited 
advantage of the compositions is that they do not require 
xylene, toluene or similar undesirable paraf?n solvents. 
HoWever, the actual compositions all require large amounts 
of polar organic solvent, typically a Water-miscible alcohol. 

[0014] There remains a need for improved tissue prepa 
ration processes that do not require toxic or haZardous 
chemicals, and methods that decrease the time and steps 
involved in treating tissue samples to render them acceptable 
for tissue staining operations. 

SUMMARY OF THE INVENTION 

[0015] The invention is directed to a method of removing 
paraffin-based embedding medium from a para?in-embed 
ded biological sample comprising contacting the paraffin 
embedded biological sample With a deparaf?niZing micro 
emulsion comprising surfactant, nonpolar organic solvent 
and Water, Wherein the surfactant is soluble in both the Water 
and the nonpolar organic solvent, thereby transferring the 
paraffin to the microemulsion; and removing the microemul 
sion. It is preferable that the surfactant be individually 
soluble in both the nonpolar organic solvent and the Water. 

[0016] The invention is also directed to a method of 
preparing a paraffin-embedded biological sample for stain 
ing comprising deparaf?niZing the paraffin-embedded bio 
logical sample by dissolving the paraffin With a nonpolar 
organic solvent; and exchanging the nonpolar organic sol 
vent in the depara?‘inized tissue With a microemulsion 
comprising surfactant, nonpolar organic solvent and Water 
Wherein the surfactant is soluble in both the Water and the 
nonpolar organic solvent, also referred to as oil. An oil-in 
Water microemulsion is preferred, With a large amount of a 
surfactant. It is preferred that the surfactant be soluble in 
both the oil and the Water. 

[0017] The invention is also directed to a method of 
preparing a paraffin-embedded biological sample for stain 
ing comprising deparaf?niZing the paraffin-embedded bio 
logical sample by dissolving the paraffin With a nonpolar 
organic solvent; and exchanging the nonpolar organic sol 
vent in the depara?‘inized tissue With a microemulsion 
comprising surfactant, nonpolar organic solvent, Water, and 
polar organic cosurfactant Wherein the surfactant is soluble 
in both the Water and the nonpolar organic solvent. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] The invention is directed to three distinct embodi 
ments. The ?rst embodiment is a method of removing 
paraffin-based embedding medium from a para?in-embed 
ded biological sample comprising contacting the paraffin 
embedded biological sample With a deparaf?niZing micro 
emulsion comprising surfactant, nonpolar organic solvent 
and Water, Wherein the surfactant is soluble in both the Water 
and the nonpolar organic solvent, thereby transferring the 
paraffin to the microemulsion; and then removing the micro 
emulsion. The microemulsion composition is a ternary com 
position of surfactant, nonpolar organic solvent and Water. 
Nonionic surfactants are preferred as they do not complicate 
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later staining procedures that use ionic stains. One preferred 
composition comprises a 4:1:1 Wt/Wt composition of sur 
factant:oil:Water. 

[0019] The second embodiment is directed to a method of 
preparing a paraffin-embedded biological sample for stain 
ing comprising deparaf?niZing the paraffin-embedded bio 
logical sample by dissolving the para?in With a nonpolar 
organic solvent; and then exchanging the nonpolar organic 
solvent in the deparaf?niZed tissue With a microemulsion 
comprising surfactant, nonpolar organic solvent and Water 
Wherein the surfactant is soluble in both the Water and the 
nonpolar organic solvent. The ?rst deparaf?niZing step 
ensures the para?in-embedding medium is removed from 
the tissue. The folloWing exchanging step replaces the 
nonpolar organic solvent With a microemulsion that is suit 
able for holding the tissue in stasis until the next step. In a 
subsequent step, the microemulsion can be replaced With 
either a Water- or oil-based liquid. This embodiment alloWs 
the histotechnologist to create a staining procedure Without 
using an intermediary alcohol rinse. The advantages of this 
embodiment are signi?cant, including no alcohol Waste and 
decreased expense. Also, the process eliminates the mul 
tiple-step prior art practice of alcohol gradations When 
practicing solvent exchange. 

[0020] The third embodiment is directed to a method of 
preparing a paraffin-embedded biological sample for stain 
ing comprising deparaf?niZing the paraffin-embedded bio 
logical sample by dissolving the para?in With a nonpolar 
organic solvent; and then exchanging the nonpolar organic 
solvent in the deparaf?niZed tissue With a microemulsion 
comprising surfactant, nonpolar organic solvent, Water, and 
polar organic cosurfactant Wherein the surfactant is soluble 
in both the Water and the nonpolar organic solvent. The main 
difference from the second embodiment is that the deparaf 
?niZing composition additionally includes a polar organic 
cosurfactant such as typically an alcohol, a diol, or a glycol. 

[0021] A “microemulsion” is normally composed of oil, 
Water, surfactant, and cosurfactant.l'5 Hoar and Schulman6 
Were the ?rst to introduce the Word microemulsion, Which 
they de?ned as a transparent solution obtained by titrating a 
normal coarse emulsion With medium-chain alcohols. The 
short to medium-chain alcohols are generally considered as 
cosurfactants in the microemulsion system. The presence of 
surfactant and optionally cosurfactant in the system makes 
the interfacial tension very loW. Therefore, the microemul 
sion is thermodynamically stable and forms spontaneously, 
With an average droplet diameter of l to 100 p.m.7'9 An 
“oil-in-Water microemulsion” is a microemulsion Wherein 
the concentration of Water exceeds the concentration of oil 
on a molar basis. A “deparaf?niZing microemulsion” is a 
special subset comprising an oil-in-Water system having a 
substantial amount of stabiliZing surfactant. The oil compo 
nent of a deparaf?niZing microemulsion is a para?in solvent, 
meaning that When the microemulsion contacts the paraf?n 
in a paraffin-embedded biological sample, the para?in is 
solubiliZed by the oil. The oil is generally referred to herein 
as a nonpolar organic solvent, but the terms are used 
interchangeably throughout. 

[0022] An “exchanging composition” is a surfactant:Wa 
ter, surfactantzoil, or surfactant:oil:Water composition, 
optionally comprising a cosurfactant, capable of removing 
residual nonpolar organic solvent from the deparaffiniZed 
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slide. Preferred surfactant:Water compositions are approxi 
mately 20% by Weight nonionic detergent in Water, such as 
Tomadol 1-73B (Tomah lnc., Milton, Wis.) and Tergitol 
15-S-7 (SigmaAldrich Inc., St. Louis, Mo.). 

[0023] Other exchanging compositions of a surfactantzoil 
composition have the capability of exchanging oil for Water, 
or Water for oil. Several compositions are demonstrated 
herein in Table 1. 

TABLE 1 

Composition Surfactant type, amount Oil amount 

Tomadol 1-73B (4 grams) 
Colalnulse FE (4 grams) 
Tomadol 1-5 (4 grams) 
Tomadol 91-6 (4 grams) 
Tergitol 15-S-7 (4 grams) 

NORPARlS (1 gram) 
NORPARlS (1 gram) 
NORPARlS (1 gram) 
NORPARlS (1 gram) 
NORPARlS (1 gram) UI-BUJMH 

[0024] The exchanging compositions enable a method of 
exchanging oil-for-Water in a tissue sample predominantly 
containing oil comprising contacting the tissue sample With 
an exchanging composition comprising a surfactant in oil 
Wherein the surfactant is also soluble in Water. Surprisingly, 
compositions 1-5 may also be used in the reverse manner, 
that is, to exchange Water-for-oil in a tissue sample pre 
dominantly containing Water. 

[0025] Biological samples include any tissue section, arti 
?cial cell line embedded in para?in, paraffin/agar or other 
paraffin-based medium. Para?in-based embedding media are 
Well-known to one of ordinary skill in the art of histotech 
nology. 

[0026] A “solubility test” for purposes of determining 
surfactant solubility in nonpolar organic solvent is per 
formed by adding about 0.5 gram of surfactant to about 10 
grams of nonpolar solvent and mixing or vortexing the 
mixture for about 10 to about 30 sec; a transparent or 
translucent mixture indicates mutual miscibility. A “solubil 
ity test” for purposes of determining surfactant solubility in 
Water is performed by adding about 0.5 gram of surfactant 
to about 10 grams of Water and mixing or vortexing the 
mixture for about 10 to about 30 sec; a transparent or 
translucent mixture indicates mutual miscibility. Viscosity 
of the mixtures may increase, but does not affect their visual 
clarity. The solubility test should be performed at the Work 
ing temperature of the intended deparaf?niZing process, 
typically about 15 C. to about 50 C. Mutual solubility of the 
surfactant in both Water and oil is indicated using these tests 

[0027] A “Nonpolar organic solvent” is a nonpolar hydro 
carbon or mixture of hydrocarbons (e. g. as from a petroleum 
distillate) that has a boiling point Well above room tempera 
ture of 25 C., preferably above 110 C., more preferably from 
about 140 C. to about 250 C., that is in liquid phase at the 
temperatures used With the present invention (usually 15 to 
50 degrees C.) and that is capable of dissolving para?in used 
for embedding biological specimens. The nonpolar organic 
solvent can be a complex mixture of long-chain linear and 
branched alkane hydrocarbons containing for example esters 
of fatty acids and higher glycols. The solubility of para?in 
in the solvent at 25 C. is typically at least 0.1 gram para?in 
per 1 liter of solvent, preferably 0.1 gram per 100 ml of 
solvent, more preferably; 0.1 gram per 10 ml of solvent, and 
most preferably capable of dissolving an amount of para?in 
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equal to about 50% of the solvent by solution Weight. The 
nonpolar organic solvent is further miscible With a polar 
organic cosurfactant When used in a depara?iniZing micro 
emulsion of the invention. 

[0028] Examples of nonpolar organic solvents include 
aromatic hydrocarbons, aliphatic hydrocarbons, terpenes, 
other oils, and petroleum distillates. Preferred nonpolar 
organic solvents have little or no toxic effects. Furthermore 
preferred solvents are those not classi?ed by the Environ 
mental Protection Agency as haZardous Waste. A preferred 
para?in-solubiliZing solvent furthermore has a ?ash point 
higher than about 60 C. Which minimiZes ?ammability. A 
preferred solvent furthermore lacks toxicity, carcinogenicity, 
and corrosiveness. An isopara?inic hydrocarbon is an 
example of a preferred para?in-solubiliZing solvent, in part 
because of its lack of toxicity, carcinogenicity, corrosiveness 
and ?ammability.l0 Preferred isopara?ins are branched ali 
phatic hydrocarbons With a carbon skeleton length ranging 
from approximately C10 to C15, or mixtures thereof. One 
preferred isopara?in hydrocarbon mixture has a ?ashpoint of 
about 74 C. Another preferred para?in-solubiliZing solvent 
is a mixture of C10 to C50 branched or linear hydrocarbon 
chains having a distillation range from a boiling point of 150 
C. to about 250 C., and has the general formula of CD 
HQDHU) Where n=10-50 and m=0-4. 

[0029] Particularly preferred nonpolar organic solvents 
include NORPAR 15, mineral spirits, or LIQUID COVER 
SLIPTM from Ventana. NORPAR 15 is a high (>95%) normal 
para?in hydrocarbon ?uid (ExxonMobil Chemical) nomi 
nally comprising linear C15, With loW volatility and a high 
boiling point. Mineral spirits, comprising short chain linear 
and branched aliphatic hydrocarbons, is another preferred 
para?in-solubiliZing organic solvent. A preferred terpene is 
limonene. Other terpenes that can be used include terpins, 
terpinenes and terpineols. Less preferably the solvent is an 
aromatic hydrocarbon solvent such as an alkylbenZene, e.g. 
toluene, or a dialkylbenZene, e.g. xylene. Toluene and 
xylene are less preferred because of their toxicity and rating 
as haZardous Waste. Furthermore, as discussed beloW, even 
When xylene or toluene are used in embodiments of the 
invention, subsequent alcohol Washes are eliminated and 
replaced With a non-haZardous aqueous Wash solution. 

[0030] A “polar organic cosurfactant” or “cosurfactant” 
comprises polar organic solvents that are individually 
soluble in Water and in oil, and includes ketones and loWer 
alcohols, Which include polyhydroxy alcohols, diols, and 
glycols, and loWer ethers. Preferred alcohols and diols are 
C2 to C8 alcohols and diols. Most preferred are ethanol, 
ethylene glycol, propanol, isopropanol, butanol, tert butanol, 
propylene glycol, hexanediol, octanediol, and mixtures 
thereof. A preferred ketone solvent is typically C3 to C5 
ketone. Most preferred ketone solvents are acetone and 
methyl ethyl ketone. Preferred ethers are C2 to C6 ethers. 
Particularly preferred polar organic cosurfactants are 
selected from the group consisting of methanol, ethanol, 
isopropanol, butanol, tert-butanol, allyl alcohol, acetone, 
ethylene glycol, propylene glycol, hexanediol, octanediol, 
and mixtures thereof. Acetonitrile, dimethylsulfoxide, and 
dimethylformamide are less preferred polar organic cosur 
factants. Furthermore, the polar organic cosurfactant can be 
a mixture of polar organic solvents. The cosurfactant is 
preferably soluble in both oil and Water. 
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[0031] A “surfactant” comprises a compound With a 
molecular structure comprising a hydrophilic portion that is 
miscible With Water, and a lipophilic portion that is miscible 
With nonpolar organic solvent. Surfactants that can be used 
in compositions of the invention include polyethylene gly 
col-based nonionic surfactants of the formula 

rrliximrr2 CH2O)niR2 

Wherein R1 is a long-chain linear or branched alkane hydro 
carbon from about C4 to about C20; X is a linking group 
comprising an ether, ester, carbonate, benZyl, or sorbitol; n 
is from about 5 to about 30; and R2 is a hydrogen. R1 may 
alternatively comprise polypropylene oxide, polysiloxane, 
or a ?uoroalkane. R2 may alternatively comprise linear or 
branched alkane hydrocarbon from about C1 to about C20, 
an alkyl carboxylic acid, an alkyl sulfonate, an alkyl amine, 
an alkyl amine oxide, an alkyl quaternary amine, polypro 
pylene oxide, polysiloxane, or a ?uoroalkane. 

[0032] Preferred surfactants of this formula are individu 
ally soluble in both nonpolar organic solvent and Water. 
Examples of preferred nonionic surfactants include ethylene 
oxide condensates of linear fatty alcohols (e.g., sold under 
the tradename TomadolTM), ethylene oxide condensates of 
branched fatty alcohols (e.g., sold under the tradenames 
TomadolTM, TomadyneTM, TergitolTM, and MerpolTM), and 
ethylene oxide condensates of linear fatty acids (e.g., sold 
under the tradename ColamulseTM), and blends thereof. 
Particularly preferred surfactants include Tomadols 1-5, 
91-6, 1-7, 23-65, 91-8, 900, and 1-73B (Tomah Inc.; Milton, 
Wis.); Tomadyne dL (Tomah Inc.; Milton, Wis.); Tergitols 
15-S-7 and 15-S-9 (SigmaAldrich Inc., St. Louis, Mo.); 
Merpols SH and OJ (SigmaAldrich Inc., St. Louis, Mo.); 
polyethylene glycol 400 laurate (“Colamulse FE”; Colonial 
Inc., South Pittsburg, Tenn.); and hexaethylene glycol tride 
cane ether (SigmaAldrich Inc., St. Louis, Mo.). 

[0033] Depara?‘inizing microemulsions of this invention 
comprise surfactant, oil, and Water, Wherein the Weight 
percentage of surfactant is from about 5% to about 90%, the 
Weight percentage of oil is from about 5% to about 90%, and 
the Weight percentage of Water is from 0% to about 90%. . 
A preferred embodiment comprises Composition A (Toma 
dol 96- 1, NORPAR 15 and Water in a 4:1:1 ratio, respec 
tively, by Weight, or respective Weight percentages of 67%/ 
16.5%/16.5%). 
[0034] Exchanging compositions of this invention com 
prise surfactant, oil and Water, and optionally a cosurfactant, 
Wherein the Weight percentage of surfactant is from about 
5% to about 95%, the Weight percentage of oil is from 0% 
to about 95%, the Weight percentage of Water is from 0% to 
about 95%, and the Weight percentage of the cosurfactant is 
from 0% to about 50%. A preferred embodiment comprises 
Composition B (Tomadyne dL: NORPAR 15:Water) at a 
ratio of 5:1:5 by Weight (or respective Weight percentages of 
45.5%/9%/45.5%). Another preferred composition is Com 
position C (Tomadol 1-73B: NORPAR 15:Water:isopro 
panol) at a ratio of 4: 1 : 1 10.5 by Weight (or respective Weight 
percentages of 62%/ 15%/ 15%/ 8%). 

[0035] The folloWing examples are illustrations of the 
embodiments of the inventions discussed herein, and should 
not be applied so as to limit the appended claims in any 
manner. 
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EXAMPLE 1 

One-Step Deparaf?niZing With Deparaf?niZing 
Composition A 

[0036] Several paraffin-embedded tissue specimens (4-mi 
cron sections from different paraffin-embedded blocks 
mounted on Superfrost PlusTM microscope slides (Erie Sci 
enti?c, Portsmouth, NH.) Were depara?‘inized according to 
the folloWing protocol. Composition A Was made by Weigh 
ing out 4 grams of 91-6 surfactant, adding 1 gram of 
NORPAR15, mixing, then adding 1 gram of Water With 
mixing to produce a clear solution. Each slide Was then 
loaded onto a DISCOVERY® automated slide stainer (Ven 
tana Medical Systems, Inc., Tucson, AriZ.) and the tempera 
ture Was programmed to 45 C. Depara?‘inizing Composition 
A Was contacted With the tissue section by manually apply 
ing 1.0 ml of the microemulsion to substantially cover the 
tissue and entire glass surface Without it Wicking off the edge 
of the slide. The slide and sample Were incubated at tem 
perature for four minutes. The slide Was then Washed tWo 
times With EZ PrepTM (PN 950-102, Ventana), a surfactant 
containing buffer, to remove the microemulsion. Slides Were 
then Washed under gentle tap Water and a glass coverslip 
applied in preparation for visual inspection. The slide Was 
held up in room lighting and vieWed for phantom residual 
para?in. In addition, visual inspection Was performed With 
bright?eld magni?cation, as Well as polariZed light, Which is 
particularly effective for visualiZing any residual paraf?n. 
Occasionally residual oiliness Was observed on the slides 
With certain para?in block samples, perhaps due to small 
amounts of impurities Within the para?in. This residual 
oiliness Was not observed by increasing the time at 45 C., or 
increasing the number of applications of microemulsion. In 
place of manually applying the 1.0 ml volume of the 
composition, it is envisioned that this material could be 
added to the existing plumbing of any number of automated 
dispensing systems. 

EXAMPLE 2 

TWo-step depara?‘inizing With Exchanging 
Composition B 

[0037] Several paraffin-embedded tissue specimens of 
approximately 4 microns thickness each from different par 
af?n-embedded blocks mounted on Superfrost Plus slides 
Were deparaf?niZed according to the folloWing protocol. The 
slide Were ?rst loaded onto a DISCOVERY® (Ventana 
Medical Systems, Inc., Tucson, AriZ.) automated slide 
stainer and the temperature Was programmed to 45 C. Pure 
LIQUID COVERSLIPTM (Ventana) Was ?rst applied auto 
matically using the DISCOVERY instrument. LIQUID 
COVERSLIP Was incubated over the tissue section to dis 
solve the para?in for tWo minutes at temperature. The 
section Was then rinsed With DISCOVERY EZ PrepTM 
(Ventana), a surfactant-containing buffer, to rinse off the 
majority of the LIQUID COVERSLIP. Exchanging Com 
position B (Tomadyne dL: NORPAR 15 :Water) at a Weight 
ratio of 5:1:5, respectively, Was made by Weighing out 5 
grams of Tomadyne dL surfactant, adding 1 gram of NOR 
PAR15, mixing, then adding 5 grams of Water With mixing 
to produce a clear solution. Exchanging Composition B Was 
next contacted With the deparaf?niZed tissue section by 
manually applying 1.0 ml of the microemulsion to substan 
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tially cover the tissue and glass surface Without it Wicking 
off the edge of the slide. The slide and sample Were 
incubated at temperature for tWo minutes. The slide Was then 
rinsed tWo times With EZ Prep, to remove the microemul 
sion. Slides Were inspected for residual Wax or oiliness, as 
described in Example 1. The slides exhibited essentially no 
residues. 

EXAMPLE 3 

TWo-Step Deparaf?niZing With Exchanging 
Composition C 

[0038] Paraffin-embedded tissue specimens of 4 micron 
thickness mounted on Superfrost Plus microscope slides 
Were deparaf?niZed according to the folloWing protocol. 
TWo ml of NORPAR1 5 Was applied manually over the tissue 
section to dissolve the para?in for four minutes at 25 C. The 
slide Was then drained onto an absorbent toWel to rinse off 
excess NORPAR15. Exchanging Composition C (Tomadol 
1-73B: NORPAR15: Water:isopropanol at a Weight ratio of 
4:1:1:0.5, respectively), Was made by dissolving 4 grams of 
Tomadol 1-73B in 1 gram of NORPAR15, adding 1 gram of 
Water With mixing to produce a clear solution, and adding 
0.5 gram of isopropanol With mixing to produce a clear 
solution. Exchanging Composition C Was next contacted 
With the deparaf?niZed tissue section by manually applying 
the microemulsion to substantially cover the tissue Without 
it Wicking off the edge of the slide, approximately 2 ml. The 
slide and sample Were incubated at 25 C. for four minutes. 
The slide Was then rinsed With gently ?oWing tap Water at 25 
C. to remove the microemulsion; no gel formation Was 
observed. The slide and sample Were air dried, and demon 
strated removal of the paraf?n Wax With no residual oiliness. 

EXAMPLE 4 

Additional Exchanging Compositions D-I 

[0039] Exchanging Composition D (Tergitol 15-S-7: 
NORPAR15:Water:isopropanol at a ratio of 4:1:1:0.25, 
respectively) Was made by dissolving 4 grams of Tergitol 
15-S-7 in 1 gram of NORPAR15, adding 1 gram of Water 
With mixing to produce a clear solution, and adding 0.25 
gram of isopropanol With mixing to produce a clear solution. 

[0040] Exchanging Composition E (Colamulse 
FE:NORPAR15:Water:isopropanol) at a ratio of 4:1;1:0.25, 
respectively, Was made by dissolving 4 grams of Colamulse 
PE in 1 gram of NORPAR15, adding 1 gram of Water With 
mixing to produce a clear solution, and adding 0.25 gram of 
isopropanol With mixing to produce a clear solution. 

[0041] Exchanging Composition F (Tomadol 900: 
NORPAR15:Water:isopropanol at a ratio of 4:l;l:0.5, 
respectively) Was made by dissolving 4 grams of Tomadol 
900 in 1 gram of NORPAR15, adding 1 gram of Water With 
mixing to produce a clear solution, and adding 0.5 gram of 
isopropanol With mixing to produce a clear solution. 

[0042] Exchanging Composition G (Tergitol 15-S-9: 
NORPAR15:Water:isopropanol at a ratio of 4:1;1:1.25, 
respectively) Was made by dissolving 4 grams of Tergitol 
15-S-9 in 1 gram of NORPAR15, adding 1 gram of Water 
With mixing to produce a clear solution, and adding 1.25 
gram of isopropanol With mixing to produce a clear solution. 
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[0043] Exchanging Composition H (Tomadol 91-6: 
NORPAR15:Water:isopropanol at a ratio of 4:l;l:0.5, 
respectively) Was made by dissolving 4 grams of Tomadol 
91-6 in 1 gram of NORPAR15, adding 1 gram of Water With 
mixing to produce a clear solution, and adding 0.5 gram of 
isopropanol With mixing to produce a clear solution. 

[0044] Exchanging Composition I (Tomadol 23-6.5: 
NORPAR15:Water:isopropanol at a ratio of 4:1;1:1, respec 
tively) Was made by dissolving 4 grams of Tomadol 23-6 in 
1 gram of NORPAR15, adding 1 gram of Water With mixing 
to produce a clear solution, and adding 1 gram of isopro 
panol With mixing to produce a clear solution. 

EXAMPLE 5 

TWo-Step Deparaf?niZing With Exchanging 
Compositions D-I 

[0045] Deparaf?niZation of paraffin-embedded tissue 
specimens using NORPAR15 folloWed by Exchanging 
Compositions D through I of Example 4, Was performed 
using the protocol of Example 3. All Exchanging Compo 
sitions demonstrated no gel formation upon tap Water rins 
ing, and all Exchanging Compositions demonstrated 
removal of the paraffin Wax from the microscope slides With 
no residual oiliness. 

EXAMPLE 6 

Two-Step Deparaf?nization With Exchanging 
Compositions J&K 

[0046] Paraffin-embedded tissue specimens having 4-mi 
cron thickness mounted on Superfrost Plus microscope 
slides Were deparaf?niZed according to the folloWing pro 
tocol. The slide Was ?rst loaded onto a DISCOVERY 
automated slide stainer and the temperature Was pro 
grammed to 55 C. Pure LIQUID COVERSLIPTM (Ventana) 
Was ?rst applied automatically using the DISCOVERY 
instrument. LIQUID COVERSLIP Was incubated over the 
tissue section to dissolve the paraf?n for tWo minutes at 
temperature. The section Was then rinsed With REACTION 
BUFFERTM (Ventana) to rinse off the bulk of the LIQUID 
COVERSLIP. TWo Exchanging Compositions J (Tomadol 
1-73B:Water), and K (Tergitol 15-S-7:Water) at a surfactant 
:Water Weight ratio of 1:4 by Weight, respectively, Were 
made by dissolving the respective surfactants in the Water 
and stirring until clear. Both of these compositions individu 
ally Were next contacted With the depara?iniZed tissue 
section by applying 1.0 ml of the surfactant:Water mix. The 
slide and sample Were incubated at temperature for tWo 
minutes to remove the residual LIQUID COVERSLIP. The 
slide Was then rinsed tWo times With standard automated 
“DUAL RINSE” of REACTION BUFFER to remove the 
surfactant:Water mix. Upon inspection, no residual oil or 
Wax Were observed. 

EXAMPLE 7 

Additional Exchanging Compositions L-P 

[0047] The folloWing examples of oil-to-Water and Water 
to-oil Exchanging Compositions are presented by Way of 
illustration. These examples are capable of tWo-Way 
exchange, that is they are capable of exchanging oil-to-Water 
and of exchanging Water-to-oil. 
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[0048] Exchanging Composition L Was prepared by mix 
ing Tomadol 1-73B (4 grams) and NORPAR15 (1 gram) 
until clear. 

[0049] Exchanging Composition M Was prepared by mix 
ing Colamulse PE (4 grams) and NORPAR15 (1 gram) until 
clear. 

[0050] Exchanging Composition N Was prepared by mix 
ing Tomadol 1-5 (4 grams) and NORPAR15 (1 gram) until 
clear. 

[0051] Exchanging Composition 0 Was prepared by mix 
ing Tomadol 91-6 (4 grams) and NORPAR15 (1 gram) until 
clear. 

[0052] Exchanging Composition P Was prepared by mix 
ing Tergitol 15-S-7 (4 grams) and NORPAR15 (1 gram) until 
clear. 

EXAMPLE 8 

Exchange of oil for Water 

[0053] The exchanger compositions of Example 7 Were 
examined for their ability to exchange oil on a slide for 
Water, Without the use of intermediate alcoholic solutions. 
Approximately 0.5 ml of LIQUID COVERSLIP Was applied 
to bare Superfrost Plus slides, i.e. they did not contain tissue 
samples, to substantially cover the surfaces of the slides. The 
excess oil Was then removed by tilting the slides and 
draining onto an absorbent toWel. Approximately 1 ml of 
Exchanging Compositions L-P Was applied to the slides 
individually, to substantially cover the surface of each slide 
Without the composition Wicking off the edge. The slides 
Were incubated at 25 C. for 4 minutes. The excess compo 
sitions Were then removed by tilting the slides and draining 
onto an absorbent toWel. The slides Were individually 
immersed in about 250 ml of Water, 25 C., for 4 min; no gel 
formation Was observed. The slides Were removed, cover 
slipped, and examined under 40>< polariZed microscope. All 
compositions demonstrated no oiliness. In contrast, a slide 
exchanged Without the use of Exchanging Compositions L-P 
, i.e. the slide Was covered With about 0.5 ml of LIQUID 
COVERSLIP, drained onto an absorbent toWel, immersed in 
about 250 ml of Water at 25 C. for 4 min, removed and 
coverslipped, demonstrated signi?cant oily droplets in the 
?lm layer trapped betWeen the coverslip and the slide. 

EXAMPLE 9 

Exchange of Water for Oil 

[0054] The Exchanging Compositions of Example 7 Were 
examined for their ability to exchange Water on a slide for 
oil, Without the use of intermediate alcoholic solutions. 
Approximately 0.5 ml of Water Was applied to bare Super 
frost Plus slides, i.e. they did not contain tissue samples, to 
substantially cover the surfaces of the slides. The excess 
Water Was then removed by tilting the slides and draining 
onto an absorbent toWel. Approximately 1 ml of Exchanging 
Compositions L-P Was applied to the slides individually, to 
substantially cover the surface of each slide Without it 
Wicking off the edge. The slides Were incubated at 25 C. for 
4 minutes. The excess exchanger compositions Were then 
removed by tilting the slides and draining onto an absorbent 
toWel. The slides Were individually immersed in about 40 ml 
of LIQUID COVERSLIP, 25 C., for 4 min; no to very little 
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gel formation Was observed. The slides Were removed, 
coverslipped, and examined under 40>< polariZed micro 
scope. All compositions demonstrated only trace amounts of 
residual Water in the liquid ?lm trapped betWeen the cov 
erslip and the slide. In contrast, a slide exchanged Without 
the use of Exchanging Compositions L-P , i.e. the slide Was 
covered With about 0.5 ml of Water, drained onto an absor 
bent toWel, immersed in about 40 ml of LIQUID COVER 
SLIP at 25 C. for 4 min, removed and coverslipped, dem 
onstrated signi?cant Watery droplets in the ?lm layer trapped 
betWeen the coverslip and the slide. 

[0055] It Will be understood that various modi?cations 
may be made to the embodiments disclosed herein. There 
fore, the above description should not be construed as 
limiting, but merely as exempli?cations of preferred 
embodiments. Those skilled in the art Will envision other 
modi?cations that come Within the scope and spirit of the 
claims appended hereto. All patents and references cited 
herein are explicitly incorporated by reference in their 
entirety. 
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We claim: 
1. A method of removing paraf?n-based embedding 

medium from a paraffin-embedded biological sample com 
prising: 

contacting the paraf?n-embedded biological sample With 
a depara?‘inizing microemulsion comprising surfactant, 
nonpolar organic solvent and Water, Wherein the sur 
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factant is soluble in both the Water and the nonpolar 
organic solvent, thereby transferring the paraf?n to the 
microemulsion; and 

removing the microemulsion. 
2. The method of claim 1 Wherein the surfactant is a 

non-ionic surfactant. 
3. The method of claim 1 Wherein the surfactant is 

selected from the group consisting essentially of ethoxylated 
alkyl alcohols and ethoxylated alkyl carboxylic acids. 

4. The method of claim 1 Wherein removing the micro 
emulsion comprises rinsing it aWay. 

5. The surfactant of claim 1 having the folloWing struc 
tural formula: 

Wherein R1 is a long-chain linear or branched alkane 
hydrocarbon from about C5 to about C30; X is a linking 
group comprising an ether, ester, carbonate, benZyl, or 
sorbitol; n is from about 5 to about 20, and R2 is a 
hydrogen. 

6. The method of claim 1 Wherein the surfactant is 
selected from the group consisting of Tomadol 1-5, Tomadol 
91-6, Tomadol 1-7, Tomadol 23-6.5, Tomadol 91-8, Toma 
dol 1-73B; Tomadol 900; polyethylene glycol 400 laurate; 
Tergitol 15-S-7, Tergitol 15-S-9, and hexaethylene glycol 
tridecane ether. 

7. The method of claim 1 Wherein said nonpolar organic 
solvent is selected from the group consisting of terpenes, 
alkylbenZenes, aromatic solvents, normal paraf?n oils and 
branched paraf?n oils. 

8. The method of claim 1 Wherein the nonpolar organic 
solvent comprises LIQUID COVERSLIP. 

9. The method of claim 1 Wherein the nonpolar organic 
solvent comprises NORPAR 15. 

10. The method of claim 1 Wherein the deparaf?niZing 
microemulsion has a Water to surfactant range from about 
0:1 to about 10:1 by Weight. 

11. The method of claim 1 Wherein the deparaf?niZing 
microemulsion has a Water to nonpolar organic solvent 
range from about 0:1 to about 10:1 by Weight. 

12. The method of claim 1 Wherein the deparaf?niZing 
microemulsion comprises surfactant at a Weight percentage 
from about 5% to about 90%, oil at a Weight percentage from 
about 5% to about 90%, and Water at a Weight percentage 
from 0% to about 90%. 

13. Amethod of preparing a paraffin-embedded biological 
sample for staining comprising: 

deparaf?niZing the para?in-embedded biological sample 
by dissolving the para?in With a nonpolar organic 
solvent; and 

exchanging the nonpolar organic solvent in the deparaf 
?niZed tissue With an exchanging composition com 
prising surfactant and Water, Wherein the surfactant is 
soluble in both the Water and the nonpolar organic 
solvent. 

14. The method of claim 13 Wherein the exchanging 
composition comprises Tomadol 1-73B:Water, and Tergitol 
15-S-7:Water at a Weight ratio of 1:4, respectively. 

15. The method of claim 13 Wherein the deparaf?niZing 
step optionally includes heating the sample. 
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16. A method of preparing a paraffin-embedded biological 
sample for staining comprising: 

deparaf?niZing the paraffin-embedded biological sample 
by dissolving the para?in With a nonpolar organic 
solvent; and 

exchanging the nonpolar organic solvent in the deparaf 
?niZed tissue With a microemulsion comprising surfac 
tant, nonpolar organic solvent and Water Wherein the 
surfactant is soluble in both the Water and the nonpolar 
organic solvent. 

17. A method of preparing a paraffin-embedded biological 
sample for staining comprising: 

deparaf?niZing the paraffin-embedded biological sample 
by dissolving the para?in With a nonpolar organic 
solvent; and 

exchanging the nonpolar organic solvent in the deparaf 
?niZed tissue With a microemulsion comprising surfac 
tant, nonpolar organic solvent, Water, and polar organic 
cosurfactant Wherein the surfactant is soluble in both 
the Water and the nonpolar organic solvent. 

18. The method of claim 17 Wherein the polar organic 
cosurfactant is selected from the group consisting of C-1 to 
C-5 alcohols, C-3 to C-5 ketones, C-2 to C-6 ethers, and C-2 
to C-8 diols. 

19. The method of claim 17, Wherein the polar organic 
cosurfactant comprises a solvent or a mixture of solvents 

selected from the group consisting of methanol, ethanol, 
isopropanol, butanol, acetone, ethylene glycol, propylene 
glycol, tert butanol, pentanediol, hexanediol, and octanediol. 

20. A method of preparing a deparaf?niZed tissue sample 
containing a nonpolar organic solvent for subsequent stain 
ing, comprising contacting said tissue With a microemulsion 
comprising a surfactant, a nonpolar organic solvent and 
Water for enough time to replace the nonpolar organic 
solvent With the microemulsion Wherein the surfactant is 
soluble in both the Water and the nonpolar organic solvent. 

21. A method of exchanging Water-for-oil in a tissue 
sample predominantly containing Water comprising contact 
ing the tissue sample With an exchanging composition 
comprising a surfactant in oil Wherein the surfactant is also 
soluble in Water. 

22. A method of exchanging oil-for-Water in a tissue 
sample predominantly containing oil comprising contacting 
the tissue sample With an exchanging composition compris 
ing a surfactant in oil Wherein the surfactant is also soluble 
in Water. 

23. A method of exchanging oil-for-Water in a tissue 
sample predominantly containing oil comprising contacting 
the tissue sample With an exchanging composition compris 
ing a surfactant in Water Wherein the surfactant is also 
soluble in oil. 

24. A method of exchanging Water-for-oil in a tissue 
sample predominantly containing Water comprising contact 
ing the tissue sample With an exchanging composition 
comprising a surfactant in Water Wherein the surfactant is 
also soluble in oil. 


