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Abstract

We describe a method for mounting tissue sections onto slides that is faster and especially useful for those sections too thin or too large to be
mounted easily by conventional methods. We have devised a chamber system for mounting tissue sections onto slides under buffer solution.
Because of the buoyancy of sections in the buffer solution and the elimination of fluid surface tension, it is easy to move, turn, unfold, and
spread even quite large or thin tissue sections. In-solution-mounting in this chamber also greatly reduces the force of the brush tip used to
maneuver sections onto the slide, thus resulting in less damage to the tissue sections. This chamber greatly facilitates mounting multiple tissue
sections onto a single slide. The new method is applicable to protocols that stain tissue sections either before (e.g. cytochrome oxidase) or
after (e.g. cresyl violet) section mounting.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ports on techniques to facilitate mounting sections onto slides
and minimize tissue damage and distortions are few and es-
Tissue sectioning and mounting are among the most ba-sentially share acommon concept: attach a fidugh, 1953,
sic techniques in experimental neuroanatomy, and are rou-paper strip Collewijn and Noorduin, 1969or adhesive tape
tinely combined with other techniques such as electrophysi- (Ornstein, 198pto the surface of the frozen tissue before
ology (Baker et al., 1998; Xiao et al., 199%r optical imag- cutting, and then cut the tissue together with the support sub-
ing (Nelson and Katz, 1995; White et al., 1999f these strate. This method of mounting sections directly from the
two fundamental techniques, tissue sectioning has receivedmicrotome blade, while minimizing distortions, has several
rather more attention than section mounting: There are a va-disadvantages. Mostimportantly, this method does not permit
riety of studies on microtomy, covering almost every aspect: sections to be transferred to an aqueous solution for further
cryosectioning frozen tissu®(ijntjes et al., 1979; McElroy  histological processing as some protocols require, or to cry-
et al., 1993, improvement of the cryostat for large tissue oprotectant solution for long-term storage. In summary, mi-
sections \(Vaddell and Marlowe, 1969 the effect of em- crotomes and cryostats have been made easier to use, and can
bedding medium on the quantity of sectiorigafthel and cut thinner sections more reliably. However, there has been
Raymond, 199)) variability of section thickness associated less innovation in the method of mounting the sections onto
with the cutting deviceAnthony et al., 198% sharpening mi- glass slides, a time-consuming technique requiring meticu-
crotome knivesPRearse, 1973 or the relationship between lous care.
the forces acting upon the tissue sections and the angle or The traditional method is to use a fine brush to transfer
speed of the bladeA(lison and Vincent, 1990 One study a tissue section onto a glass slide. The thin sections are of-
even described a method to prepare histology sections with-ten twisted or folded because of the tissue’s weight and the
out using a microtomeTfoyer et al., 200R In contrast, re- solution’s surface tension. This is particularly true of brain
sections with many surface irregularities (e.g. cerebellum),
* Corresponding author. Tel.: +1 212 650 7771; fax: +1 212 650 8585.  Which tend to twist at the narrowest regions. It can be diffi-
E-mail addressjxiao@sci.ccny.cuny.edu (J. Xiao). cult to unfold or spread the folded tissue sections by the fine
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brush, and thinner sections may be damaged. It can also balrawer (2), a buffer switch knob (3), which controls a buffer
tedious to put multiple sections side by side in a desired ori- switch cylinder (4), and the mounting compartment base (5).
entation on a single glass slide because mounting a second@’he switch knob and switch cylinder are made from stain-
section next to a previously mounted section may disturb the less steel; the cylinder penetrates the mounting compartment
mounted one and make it fold or even float away. Here, we base. The switch allows buffer in the mounting compartment
present a novel method of mounting tissue sections onto theto flow down to the buffer drawei{g. 1B) via a fine hole
glass slides using a chamber we have devised for this purposethrough the cylinder and mounting compartment base. Turn-
This chamber simplifies the manipulation of tissue sections, ing the switch to the open state controls the rate of change of
regardless of their size or number. the buffer surface level in the mounting compartment. Tra-
ditionally, fine brushes are used to transfer and mount tissue
sections. However, as tissue sections often adhere to the brush
hairs, we use glass probes when needed to separate the tissue
2.1. Tissue sectioning and histology section and the tip of the brush. We make these probes by
flame-heating one end of a glass pipette to bend and seal it to
Ferrets fMustela putorius furp and naked mole rats make a smooth blunt tig=g. 1C).
(Heterocephalus glabgrwere euthanized with i.p. injec-
tion of sodium pentobarbital (100 mg/kg), and intracar-
dially perfused with a saline rinse solution, followed by 4%
paraformaldehyde in 0.02 M phosphate buffered saline (PBS;

pH 7.4). After a 30min period of initial fixation, the brains tions from that of medium or small sections. For mounting

were removed and sunk in 4% paraformaldehyde containingI i | lidBid. 1D) is stuck horizontall
30% sucrose. Tissue blocks were embedded in Frozen Sec;> ¢ S€Ctons, a giass sl Ig. 1D) is stuck horizontally

tion Medium (Richard-Allan Scientific) and cut on a cryostat :ﬁgi%ﬁ;g;ﬂgg:sv%I;iaessﬁj_gzgzl';g;g"gg;:stzeitrggggtrgot
Microm, HM into 10 or 4@um thick ions, which o .
\(Nerceocol’lecte?JGdoi)reciz/ ir?tc? 0 OQ; M tphi)s;ﬁg[tg bi,ffer ((I:DB) dry for a very long time, can be reused, and still holds a

: . . 7 _slide underwater as it does in the air since it is water repel-
Some sections were mounted on gelatin-subbed glass SIIde?ent Before starting, the buffer switch is put in the cIosF:ad
with our mounting chamber before being stained with cresyl staté and the mou%tin compartment is fFi)IIed with 0.02 M
violet; others were stained for cytochrome oxidase (CO) us- 9 P .

. S P : PB. The slide is kept at least 8 mm beneath the surface of
ing a modified method oiVong-Riley (1979)efore being the buffer solution. A fine brush is used to transfer a tis-

2. Materials and methods

2.3. Using the chamber to mount large tissue sections

We use a slightly different procedure to mount large sec-

mounted. sue section into the chamber buffer above the glass slide
2.2. Mounting system where the section will be mounted. During the transferring
and mounting, we use glass probes to separate the tissue sec-
The mounting chamber is made of plexiglaBgy( 1A). tion from the brush if the tissue section sticks to the tip of the

This setup consists of a mounting compartment (1), a buffer brush.

(A)

%// | ®) (O

Closed Partially open Open

Fig. 1. (A) Design of the mounting chamber. (1) Mounting compartment; (2) buffer drawer; (3) buffer switch knob; (4) buffer switch cylinder; (%)gnount
compartment base. (B) Cross sectional view of the buffer switch cylinder that penetrates the mounting compartment base. The buffer switchean be in th
closed, partially open, or open state to regulate buffer flow rate from the mounting compartment to the drawer. The hole through the cylinded is rooghly

in diameter. (C) Glass probe for handling tissue sections. (D) Tissue sections are mounted while immersed in the buffer solution. In this s thige 1
parasagittal sections of ferret brain (white boxes) have been mounted on one slide. (6) Clay blocks; (7) glass slide. (E) Once dried, the tisaghseetio

tightly to the glass slide and can be processed further.
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The tissue section is then gently spread and unfolded with water pressure, and the gelatin on the subbed slide surface.
the fine brush in the solution above the slide. Once the tissueNext, a second tissue section is transferred into the mounting
section is untwisted and in the desired orientation, and po- chamber. If this tissue section is upside down or in the wrong
sitioned appropriately over the glass slide, the entire tissueorientation, in order not to disturb the previous section, the
section is positioned onto the glass slide fully and evenly by next one should be floated away from the first tissue section,
applying light pressure with the tip of the brush. The sec- and then turned over and floated gently back to the side of the
tion then adheres to the slide surface because of its weightfirst tissue section. It can then be positioned onto the glass
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Fig. 2. Mounting multiple rows of tissue sections on a slide. (A) Side view of the mounting chamber and the slide. The slide is angled roughipaB8-15
the horizontal plane and not submerged completely in buffer. (1) Mounting compartment; (2) buffer drawer; (3) buffer switch knob; (8) slid@hglass; (
slide; (10) a strip of glass slide. The two slide holders (8) are made from plexiglass and stuck to the mounting compartment base (5) by clay. glasstrip of
slide (10) is cut from the identical glass slide as the ones used for mounting tissue sections. This strip (10) and the slide (9) are stuck by didg sideéy s
slide holders. One edge of the strip (10) touches the mounting compartment base (5). (B—E) The buffer level is allowed to fall for mounting smwsessive r
of sections. Left panels are side views of the mounting compartment and the slide; right panels are top views of the slide. Shaded regions énd{€ate buff
Cytochrome oxidase stained coronal sections of naked mole rat brain. (G) Cresyl violet stained parasagittal sections of naked mole rat brain.
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slide adjacent to the previous section without disturbing it. tiple brain sections mounted using this chamber, stained for
The fluid disturbances caused by gently moving the next sec-either cytochrome oxidase or Nissl substance. The regular-
tions are too small to fully dislodge the previously mounted ity of the multiple sections mounted on each slide is readily

sections. If there is still space on the slide, the same methodapparent.

may be used to position additional tissue sections onto the

slide. When one glass slide has been complefégl (ID),

the switch is turned to the fully open position. The buffer 3. Results and discussion

then flows down to the buffer drawer through a hole in the

center of the mounting compartment basgy( 1B) at the We used our method to mount ferret brain tissue sections,
rate of about 1 drop/s. When the buffer surface level has de-\which are typically about 25-36 mm long and 13-14 mm
creased to about 3mm above the glass slide, the switch isyide (10-4Qum thick). The sections mounted by the new
turned to decrease the buffer flow rate so as not to disturb themethod lie flat and even and are in good Condition, as well
mounted sections. We find that rates not exceeding roughly 1as having the desired orientation and sequential order on
drop every 2 s do not disturb the mounted sections. The bufferthe slide. We use a slightly different procedure to mount
solution is allowed to gently flow down to the lower buffer smaller tissue sections from that used with larger sections.
drawer until the surface of the buffer solution is beneath the Because we mounted on|y one row of the |a|’ge sections on
glaSS slide. The tissue sections will then adhere flrmly to the each slide E|g 1E) and the forces from the buffer f|0W|ng
gla.SS Slide, and the gIaSS slide can be removed from the Chamout of the mounting Compartment approximate|y counteract
ber for further processind~(g. 1E). The next glass slide is  those from opposite sides on each sectfig.(3A), the sec-
then positioned in the chamber. The buffer drawer is pulled tions drifted little when the buffer flowed out of the mounting
out, and the buffer poured back into the mounting compart- chamber. However, when we mounted the smaller sections
ment for use with the next slide. using the same method, the two rows of the sections near the
edge drifted away when the buffer flowed down to the buffer
2.4. Using the chamber to mount smaller tissue sections  drawer. This is because the forces from buffer flow are unbal-
anced on the edgé&ig. 3B) compared to the middle section
For mounting smaller sections, a glass slide is stuck to of the slide. Furthermore, the greater area of the large tissue
clay blocks in the mounting compartment tilted in such a sections compared to the smaller ones (300-508 ersus
way that the long edge of the glass slide is parallel to the long 50—60 mnf) makes them adhere better and thus less likely
edge of the chamber while the short edge of the mounting to float away during the mounting process. When mounting
slide is tilted roughly 12-15(12 for thinner sections like  smaller sections, we unfold and untwist a section in the buffer
10um, 15’ for thicker sections like 4fim) to the bottom of  and make use of a thin layer of buffer to glide the section to its
the mounting compartmenkig. 2A). desired position. The lubrication of the thin buffer layer facil-
When mounting larger tissue sections, the glass slide isjtates moving the section, significantly decreasing the forces

completely submerged in the buffer solution. By contrast, exerted by the fine brush. We decreased the surface level of
when multiple rows of smaller sections are to be mounted

onto one slide, the level of buffer solution should reach only

to the bottom of the first row of the sections that will be (A) <X A * f$ ?\ 44,

mounted Fig. 2B). The fine brush is used to first apply a thin ~N S S Wy L\!Q Tl Fr

layer (Fig. 2B: number 11) ofthe buffer solutionontotheglass == A ARWEA i 47 .

slide where the first row of sections will be. Then the brush - Yl Ok U > —

is used to transfer a tissue section into the buffer solutionin < \A/ *‘*ﬁ ‘[’? *f N —$_
the mounting compartment. The tissue section is then gently ~ “ ﬁ/ﬁ/}i i M L \QQQ““

spread and unfolded with the fine brush in the solution. Once ; 4 ‘Sf ‘j! % %

the tissue section is untwisted and in the desired orientation,

unlike mounting large sections the section is made to glide up & N ‘?\‘\ \}ﬁ\ﬁ ? ? ,ff ?i,?f,*?’y

on a thin layer of buffer. The lubrication created by the thin - A} gggw&éﬁ:y - > .
buffer layer makes this possible, and prevents tissue damage. :: By »:: C%)
After the first row of sections is done, the buffer switch is 4 VeRE ‘@‘é‘f\i’%‘wi& —$’—
opened until the buffer level decreases to about the bottom of Yy oys. ﬂ 3{& ¢ 3"“&

the second row of the sections that will be mounféd (2C). ”3‘% ;i ) {r v ¥\ \3* "

The same method is used to mount the second row of sections.

This procedure is repeated until all rows are dofig.(2D Fig. 3. Analysis of forces from decreasing the buffer level. (A) The forces

and E). A strip of glass slidé~{g. 2B: number 10) is placed  frombuffer draining approximately counteract on one row large sections ona
by the edge of the Slid§(g. 28: number 9) to make sure that horizontally placed slide. (B) The forces from buffer draining differ between

. . . central and peripheral rows of middle size sections on a horizontally placed
the last row of tissue sections can glide smoothly onto the slide. Left panels are top views of the slide; right panels are side views of
slide like previous rowdrig. 2F and G show slides with mul- e siide.
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the buffer one row at one time. In this way, buffer flow does mounted sections. Third, while the precise time required to

not disturb previously mounted sectiosd. 2B—E). On the mount sections depends on the researcher’s skill and expe-

other hand, this method is not optimal for mounting large rience, this chamber can reduce the time involved. We find

thin sections as these could be damaged by this process othat using the chamber reduced the time needed to mount

using the brush to glide sections up to their positions on the sections like those ifrig. 2F and G by 30—-60 min. Finally,

slide. because the chamber makes it possible to mount all sections
Cutting and mounting tissue sections is a basic histolog- in one row or all sections on a slide together at one time and

ical technique widely used in a variety of disciplines. There then decrease the buffer level, it is easy to put sections side

are two common ways to produce brain sections: the brain by side close together in the desired orientation on the glass

may be sunk in a sugar solution and cut when frozen, or slide (igs. 1E and 2F, 5 The value of this goes beyond ap-

the brain may be embedded in a medium and cut at room pearance; more sections on each slide means fewer slides are

temperature. Frozen sectioning is commonly used in neu-required. Our experience suggests we use roughly one third

roanatomical studies because the sections can be cut rapidlyfewer slides. This saves the time and labor of slide subbing,

and there is less shrinkage than is commonly associated withpermits one to stain more sections at one time, and reduces

harsher procedures employing embedding media. However,the space needed to store tissue slides.

mounting tissue sections is time-consuming, and each frozen

section may be distorted in a variable, uncontrollable way by

the traditional mounting method$wanson, 1992 These Acknowledgements
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