
United States Patent 3,679,450 
Patented July 25, 1972 Office 

BEST AVAILABLE COPY 

3,679,450 
BOPSY METHOD 

Leroy Earl Beightol, Los Angeles, Calif., 
assignor to Roy Nutt 

No Drawing. Filed Mar. 16, 1970, Ser. No. 20,114 
Int, C. A01m 1/00 

U.S. C. 17 3 13 Claims 

ABSTRACT OF THE DISCLOSURE 
This patent describes a novel method of rapidly pre 

paring tissue for biopsic examinations which provides for 
the rapid preparation of thinner tissue sections, said meth 
od comprising infiltrating a fixed and dehydrated tissue 
sample with a liquid ultraviolet light-curable thermosetting 
resin system having a curing threshold in the presence of 
ultraviolet light on the order of one minute or less, pref 
erably comprising a polyester containing carbon-to-carbon 
unsaturation, an ethylenically unsaturated monomer 
polymerizable therewith, and an activator, and curing 
said sample in the presence of ultraviolet light for several 
minutes to form a rigid block adapted to yield ultrathin 
sections. The method of this invention is preferably con 
cerned with the use of a thermosetting resin system which 
gives a clear or optically transparent polymer within the 
rigid block, can be sliced into sections having a thickness 
of as little as 0.2 micron in small sections and a corre 
sponding improvement in larger sections. 

BACKGROUND OF THE INVENTION 
The standard technique used to prepare tissue sections 

for biopsic examination is the paraffin block method. This 
method has been developed to a fine detail and involves 
immersing a tissue sample in 70% alcohol for 16 hours, 
85% alcohol for 8 hours, 95% alcohol for 16 hours, and 
100% alcohol for 2 hours to dehydrate the tissue. The 
dehydrated tissue is then immersed in a 100% alcohol and 
benzene mixture for one hour, pure benzene for one-half 
hour, and fresh benzene for another half-hour to prepare 
the tissue for penetration by the paraffin. The benzene 
saturated tissue is then placed in molten paraffin at about 
60° C. for one-half hour, followed by three one-half hour 
immersions in fresh paraffin before it is placed in a block 
containing fresh paraffin and allowed to cool and harden 
preparatory to the cutting of sections. The cutting of sec 
tions is performed on a microtome. After cutting the sec 
tions, the paraffin is removed by passing the sections 
through several short immersions in benzene and then 
alcohol. The sections are then immersed in water, stained 
and mounted on slides for examination. The overall proc 
ess described requires a total of at least 16 hours. This 
process is described in Lilhe, "Histopathology Technique.” 
The paraffin block method, while familiar to those 

skilled in the art, and capable of practice using readily 
available equipment and instruments, is characterized by 
several major problems. One major problem is that a tis 
sue sample prepared by the paraffin block method cannot 
be sliced on the microtome into sections of less than 
about 2 to 4 microns thickness. In general, thinner sec 
tions facilitate the biopsic examination. Because of the 
thickness of sections obtained by the paraffin block meth 
od, this procedure does not differentiate certain types of 
cells. 
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More recently, it has been proposed to use various plas 

tic materials such as nitrocellulose and polymethyl meth 
acrylate in lieu of paraffin. The procedures proposed have 
been very slow, requiring several hours or more to yield 
a rigid block in the presence of ultraviolet light. Further, 
these materials have proven to be unsuccessful in other 
respects. The best consistent results reported are tissue 
sections having a thickness of one micron, there also being 
a report of a tissue section of 0.5 micron being obtained 
with a methacrylate infiltrant and special care on a piece 
of tissue the size of a renal needle biopsy. 
The present invention is believed to represent a signifi 

cant advance in the art by providing for biopsic sections 
in a rapid manner which are thiner for any given area 
of section than are attainable by procedures previously 
developed. 

SUMMARY OF THE INVENTION 

Briefly, the present invention comprehends a novel 
method of rapidly preparing tissue for biopsic examina 
tion which comprises infiltrating a tissue sample with a 
liquid ultraviolet light-curable thermosetting resin system 
having a curing threshold in the presence of ultraviolet 
on the order of one minute or less, and curing said sample 
in the presence of ultraviolet light for several minutes to 
form a rigid block adapted to yield ultrathin sections. 
The "curing threshold” referred to herein and in the 

claims means that point in time at which the liquid resin 
system first begins to perceptably thicken, as determined 
by direct visual observation. The curing threshold of the 
liquid resin systems used in this invention is generally 
from about 10 to 60 seconds. These liquid systems usual 
ly require a total exposure to ultraviolet of from about 2 
to about 5 or 10 minutes, and more typically, from 2 to 3 
minutes, to become rigid. 
The resin preferably is clear and optically transparent, 

and is based on an unsaturated polyester containing car 
bon-to-carbon unsaturation, an ethylenically unsaturated 
monomer polymerizable therewith during the curing proc 
ess, and an activator. The ultrathin character and the op 
tical clarity of the sections dispenses with the need to re 
move the rigidifying material after sectioning and prior 
to biopsic examination, thereby reducing the time required 
for the preparation of tissue sections. 
The minimum thickness of the tissue section attain 

able by the practice of this invention is generally less 
than previously possible. The minimum thickness de 
pends on the size or area of the section, and in the 
present invention sections of small size can be made 
having a thickness of as little as 0.2 micron. For larger 
sections, thicknesses of 1 or 2 microns can generally be 
obtained. 

It is an object of this invention to provide a novel 
method of rapidly preparing tissue sections for biopsic 
examination. 
More particularly, it is an object of my invention to 

make available thinner sections than previously attain 
able. 

Still another object of this invention is the use of 
optically clear infiltrant materials which need not be re 
moved prior to the biopsic analysis. 
A specific object of the invention is the use of un 

saturated polyester systems which are rapidly curable in 
the presence of ultraviolet light in the preparation of 
biopsic sections. 
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These and other objects and advantages of this inven 
tion will be evident from the more detailed description 
which follows. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Conventional fixation procedures can be used such as 
buffered Zenker-formol, Bouin's solution, paraformalde 
hyde, 0 percent formalin, glutaraldehyde and osmium 
tetroxide. The length of time of fixation is varied accord 
ing to the thickness of the tissue. Most tissues are fixed 
in Zenker-formol from one to three hours. Tissues are 
normally trimmed to a few tenths of a cm. in thickness 
to permit better fixation and more rapid dehydration and 
infiltration of the plastic mixture. The fixative can be 
removed by washing in cold, running tap water for 15 
to 45 minutes, depending on the size or thickness of 
tissue. 

Tissues are dehydrated through 75 percent, 95 per 
cent, and absolute ethanol for at least 20 to 40 minutes, 
depending upon the thickness of the specimens. Final 
dehydration is accomplished for 10 minutes in anhydrous 
acetone. The tissues are stored in 75 percent alcohol if 
immediate embedding was impractical. 
The following example is presented solely to illus 

trate the invention and should not be regarded as limiting 
in any way. In the example, the parts and percentages 
are by weight. 

Example 
A tissue sample of about 0.2 centimeter in thickness 

was fixed and dehydrated as described above. The sample 
was then infiltrated by placing the sample in the follow 
ing solution: 

Wt. percent 
Unsaturated polyester phthalic anhydride, maleic 
anhydride and propylene glycol ---------------- 28 

Vinyl toluene --------------------' s a - was 22 

Benzoin (activator) --------------------------- 1. 
Isopropyl alcohol ----------------------------- 9 
Methyl methacrylate --------------------------- 40 
The infiltrated sample is then cured by exposure to ultra 
violet light (Parr 38 mercury vapor lamp, 3650 A., 150 
watt) for about 2 to 3 minutes. A rigid tissue block is 
obtained. The tissue block is then inserted into the micro 
tone chuck. The block may be sectioned with any con 
ventional microtome while the block and the knife are 
moistened with alcohol. The tissue sections can be stained 
with the most routine histologic stains such as mallory 
azan, Gomori's silver impregnation, periodic acid Schiff, 
hematoxylin and eosin, muco-carmine, Best's carmine and 
azure B. The stained sections are examined under a 
microscope in a manner familiar to those skilled in the 
art. 
The curable resins for use in this invention, by way of 

example and not of limitation, are those based on the 
mechanisms of photocatalysts in resinous polymerization 
such as are obtained by photocatalytic initiation in mate 
rials having ethylenic-type unsaturation. In these mate 
rials, the initiation is of first order by double bond activa 
tion, and any terminal double bonds are progressively 
activated. In general, the initiation is proportional to the 
concentration of monomer, and to the square root of 
light intensity. 
An essential part of the preferred infiltrating resin is 

a monomeric ethylenically unsaturated component capa 
ble of dissolving minor amounts of a photoinitiator which 
is active under ultraviolet light. 

Suitable polymers would include almost any of the 
unsaturated non-catalyzed commercial polyesters of a 
non-aniline type, and the monomer co-reactant of any 
compatible terminal ethylenic unsaturated monomer in 
cluding vinyls, acrylics, allyls, and the like, such as 
styrene, methyl methacrylate and triallyl cyanurate. The 
monomer is generally used in an amount of from about 
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5 to 50% by weight of the polyester, along with about 
0.002% to 5% of the photoinitiator. 

Suitable photochemical initiators, sometimes also re 
ferred to in the art as photo catalysts, for use in the 
ultraviolet curable resin systems of my invention include, 
but are not limited to, benzoin, azobisisobutyronitrile, 
2,2'-dihydroxy-4,4'-dimethoxybenzophenone, 2,2 - dihy 
dioxybenzophenone and similar materials. For example, 
the addition of benzoin in the amounts as low as 0.5% 
to monomeric styrene will not affect the shelf life ap 
preciably if kept away from light. Upon exposure to mod 
erate intensity ultraviolet light, however, the rate of po 
lymerization is increased by a factor approximately 10 
over styrene containing no photoinitiator. 
Any light with high enough energy per quantum or of 

short enough wavelength can initiate polymerization 
directly. For practical reasons concerned with readily 
available energy sources, and to provide quick polymeri 
zation, it is desirable to use a photochemical initiator 
which acts as an absorber, and releases free radicals from 
ultraviolet light in the region of 3600 angstroms. Con 
venient spectral sources containing bands of 3600 ang 
strom light energy are mercury vapor discharge lamps, 
sunlamps, fluorescent lamps with special phosphors, and 
sunlight. 

Having fully described the invention, it is intended that 
it be limited only by the lawful scope of the appended 
claims. 

I claim: 
1. A novel method of rapidly preparing tissue for 

biopsic examination which comprises infiltrating a tissue 
sample with a liquid ultravioletlight-curable thermosetting 
resin system comprising an unsaturated polyester contain 
ing carbon-to-carbon unsaturation, an ethylenically un 
saturated monomer polymerizable therewith, and an 
activator, and having a curing threshold of less than one 
minute in the presence of ultraviolet light, curing said 
sample in the presence of ultraviolet light to form a rigid 
block adapted to yield ultrathin sections and sectioning 
said cured sample to form ultrathin sections. 

2. A novel method of rapidly preparing tissue for 
biopsic examination which comprises infiltrating a tissue 
sample with a liquid ultraviolet light-curable optically 
clear thermosetting resin system comprising an unsatu 
rated polyester containing carbon-to-carbon unsaturation, 
and ethylenically unsaturated monomer polymerizable 
therewith, and an activator, and having a curing threshold 
of less than one minute in the presence of ultraviolet light, 
curing said sample in the presence of ultraviolet light for 
from 2 to about 10 minutes to form a rigid block adapted 
to yield ultrathin sections and sectioning said cured sample 
to form ultrathin sections. 

3. The method of claim 1 wherein the sample is initially 
fixed and dehydrated. 

4. The method of claim 2 wherein the sample is initially 
fixed and dehydrated. 

5. The method of claim 1 wherein the sample is sub 
sequently sectioned in a microtome to form ultrathin 
sections. 
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6. The method of claim 2 wherein the sample is sub 
sequently sectioned in a microtome to form ultrathin sec 
tions. 

7. The method of claim 5 wherein the sections are sub 
sequently stained. 

8. The method of claim 6 wherein the sections are sub 
sequently stained. 

9. The method of claim 1 wherein the resin system has 
the following composition: 

Wt, percent 
Unsaturated polyester phthalic anhydride, maleic an 

hydride and propylene glycol ------------------ 28 
Vinyl toluene --------------------------------- 22 
Benzoin (activator) ---------------------------- 1 
Isopropyl alcohol ----------------------------- 9 
Methyl methacrylate -------------------------- 40 
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10. A novel method of rapidly preparing tissue for 
biopsic examination which comprises infiltrating a tissue 
sample with a liquid ultraviolet light-curable optically 
clear thermosetting polyester resin system comprising an 
unsaturated polyester containing carbon-to-carbon un 
saturation, an ethylenically unsaturated monomer polym 
erizable therewith, and an activator, and having a curing 
threshold of less than one minute in the presence of ultra 
violet light, curing said sample in the presence of ultra 
violet light to form a rigid block adapted to yield ultra 
thin sections and sectioning said cured sample to form 
ultrathin sections. 

11. The method of claim 10 wherein the sample is 
initially fixed. 

12. The method of claim 10 wherein the sample is 
subsequently sectioned in a microtome to form ultrathin 
sections. 

13. The method of claim 10 wherein the sections are 
subsequently stained. 
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