5 - Sectioning Method or Microtomy

Preparation of large botanical specimens that can not be examined directly under Light
Microscope must be cut into small pieces, involve to schedules appropriate time, and use
of certain solvents, according to the nature of these samples. It is the first step to prepare a
slide of the plant material for microscopic investigation. Fresh or preserved materials are
cut into thin sections at suitable plane. It is essential to cut section thin enough to observe
the details at the required level. Hand sectioning is carried out with sharp razor. Uniform
section of given thickness can be obtained by special Machines called Microtome. Prior to
microtome sectioning, material is processed which involves, fixation, dehydration and
embedding of the tissue material in Paraffine wax or other embedding media.

1 — fixation. 2 — dehydration.

3 —embedding 4 — Sectioning

5 — Staining 6 - Mounting
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Aims of Fixation :

It should prevent autolysis & putrefaction of the cell.
It should penetrate evenly and rapidly.

It should harden the tissues

Increase the optical density

Should not cause shrinkage or swelling of the cells

Must not react with the receptor sites & thus must not
interefere with the staining procedure.

It must be cheap and easily available.
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TYPES OF FIXATIONS:
There are three common ways of classifying fixation: acidic fixation vs. basic,
coagulant vs. non-coagulant, and additive vs. non-additive.

TYPES OF FIXATIVES:

1 - Acidic fixation: preserves chromosomes, Nucleoli, and the spindle
apparatus, while dissolving Nucleoplasm and Mitochondria.
2 -Basic fixation: preserves Nucleoplasm, Mitochondria and dissolves
Chromatin and Spindle apparatus.
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2 - Coaqulant fixatives cause cytoplasm to become opaque (<l e )and
congeal into a netlike structure. such as : Ethanol, Methanol, Picric acid, Mercuric
chloride, Acetone, and Chromium trioxide.

Non-coaqgulant fixatives do not disrupt the cytoplasm put transform it into a
transparent gel. Examples of fixatives of this kind are glutaraldehyde,
formaldehyde, acrolein, potassium dichromate, acetic acid and osmium tetraoxide.
Non-coaqulant fixatives very often stabilize tissues to such an extent that they are

protected from disruption by the use of subsequent coagulant reagents during post-
fixation or dehydration.
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3 - Additive and Non-additive fixatives:

Additive Fixatives : cross-link with proteins in cells, strengthening cell structure and insuring tissue
preservation. Examples of additive fixatives are the aldehydes. Non Additive Fixatives that react with
the tissue, but do not add onto or combine with the tissue in order to act on it. The non-additive or
denaturing fixatives act primarily by dissociating water molecule from the tissue proteins resulting in
a change in the tertiary structure. For example, methyl and ethyl alcohol coagulate protein but

are not added to the tissue. This causes water- soluble proteins to become insoluble, a process that
Is largely irreversible. Because of the complexity of fixation and the great variety of agents used, the terms
additive and non additive are not now commonly used
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Properties of an Ideal Fixative

Avoid excessive hardness of tissue.
Allows enhanced staining of tissue.
Should be non-toxic and non-allergic for user.

Should not be very expensive.
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Properties of an Ideal Fixative

v’ Prevents autolysis and bacterial decomposition.

v’ Preserves tissue in their natural state and fix all
components.

v Make the cellular components insoluble to reagent used
in tissue processing.

v’ Preserves tissue volume.



Contin....

v" No fixative will penetrate a piece of tissue
thicker than 1 cm.

v~ For dealing with specimen thicker than this,
following methods are recommended:

1.Solid organ:

Cut slices as necessary as but not thicker than 5
mim.



Continu....

2.Hollow organ:

Either open or fill with fixative or pack lightly
with wool soaked 1n fixative.



Contin.....

v" Good fixative is most important factors in the
production of satisfactory results in histopathology.

** Following factors are important:
v~ Fresh tissue

v~ Proper penetration of tissue by fixatives
v~ Correct choice of fixatives



Factors affecting fixation:-

1 - Temperature

Affects the morphology of the tissue.

= For electron microscopy and some histochemical procedures, the
temperature for fixation is usually 0-4 C.

= It will increase the rate of penetration

= It will also increase the rate of autolysis and diffusion of cellular
components.
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2 - Size
» Ideal size of the tissue should be 3mm. 1-2¢cm

3 - Volume ratio

= Volume of fixative is at least 15 to 20 times greater than volume of
tissue.

4 — Time

* Minimum fixation time for Smm tissue is 12hrs.
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5—pH

The pH should be kept in the physiological range of les than7
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6 - Autolysis:
In biology, autolysis, more commonly known as self-digestion, refers to the destruction
of a cell through the action of its own enzymes. It may also refer to the digestion of an
enzyme by another molecule of the same enzyme.

In Plant cell There are some organelles called Microbodies when exposed to the decomposition produces some
Enzimes known as Cathepsins which starts reverse its activity after the death of a cell, where it breaks down and
analyze the protein molecules and convert it to amino acids and then distort cell components.
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https://en.wikipedia.org/wiki/Biological_cell
https://en.wikipedia.org/wiki/Enzyme

7/ - Permeability

Permeability rate plays an important role on the effectiveness of the fixative solution,
Penetration (refers to the ability of the solution to diffuse into the tissue) the more quick

Penetration of fixative solution has a good effect on the killing of the sample and short
fixation, and gave positive results.
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8 - Osmolality

* The addition of a buffer to the fixative solution may alter the
osmotic pressure exerted by the solution.

* Hypertonic solutions give rise to cell shrinkage whereas hypotonic
and 1sotonic fixatives result in cell swelling and poor fixation.

8 455 ¥ -Osmolality:

Jalatia J ghaall 0158 ¢ g 13gd g g 55 V) alilll of LN B ALY Leili ga puiadd i gusd (pira S 5 93 Jslaa b Adal) S 5513
s o5l QIR Juang ad et Lgilasi) g Lpualli Jo Jaay AV g ddud) UL o Jarg L Lgde dalg) Jullaa o (g giag o) 4 ga V)
Al axa e (A&l 0l 9



Chemical Fixatives
|

l |

Simple Fixatives Compound Fixatives
v" Formaline ' 1
v"  Mercuric chloride i l l
v"  Osmic acid Microanatomical Cytological Histochemical
v"  Picric acid Formal Saline Cold acetone
v"  Acetone Neutral buffer Formaline Ethanol
v Ethyle alchohol Zenker’s fluid
v" Osmium tetroxide Bouin’s fluid
v" Osmic acid l
W
Nuclear Cytoplasmic

Carnoy’s Fluid Champy’s Fluid



Simple Fixatives

+* Formalin
v" The most commonly used
fixative 1s Formalin .

v It is prepared by mixing(;lO %
Formaldehyde gas in 100 w/v
of distilled water.

v" The resultant mixture is 100 %
Formalin.

v" Routinely, 10 % formalin is
used which is prepared by
mixing 10 ml of 100 %
formalin in 90 ml of distilled

water.



MECHANISM OF ACTION

v' It forms cross links between amino acids of proteins
thereby making them insoluble.
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ADVANTAGES :

Rapid penetration

Easy availability & cheap
Does not overharden the tissue
Fixes lipids for frozen sections
Ideal for mailing

DISADVANTAGES:

Irritant to the nose,the eyes and mucous membranes

Formation of precipitate of paraformaldehyde which can be
prevented by adding 11- 16 % methanol.

Formation of black formalin pigment , Acid formaldehyde
hematin.



Other Simple Fixatives

v Glutaraldehyde
v" Osmium Tetraoxide

v Pottasium Dichromate

v" Mercuric Chloride



Other Simple Fixatives (contd.)

v" Picric acid
v’ Zenker's fluid
v' Zenker’s Formal (Helly’s Fluid)

v" Bouin’s Fluid



3 - Simple fixatives: : clidall 4 ) Jallaalf - LG
1 - Glacial Acetic Acid:
Glacial Acetic acid (CH3 COOH) is a simple coagulant fixative, it penetrates fast
to the sample parts, but when it used as a single fixative causes swelling of the
sample, It always mixed with other primary fluids to form a compound fixative
. Preparation of 1% Glacial acetic acid: taken 10 ml of concentric Glacial acetic
acid and added to 990 ml of water, and Preparation of 10% Glacial acetic acid
in the same method.
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2 - Ethyl alcohol (Ethanol):

Ethyl alcohol (C2 H5 OH) of the initial solutions, and moderately penetrate
to sample parts, It characterized by not to form artifacts. There him a
commercial type of focus and 95% of this type is used in many plant
installers, and the other type focus 100% divorced, often used in the final
stages of the withdrawal of water from the sample, to ensure they are free
of water. It notes that the ethyl alcohol dissolves the objects
streptococcus, as well as fatty droplets.
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3 —Chromic acid :

1 %Chromic acid (H2 CrO4).Dissolve 10 g Chromic anhydride
crystals per liter of water.. But it is rarely used alone, preferably
mixed with acetic acid or Osmic acid. It penetrate the sample parts
slowly and does cause sample hardness. It should be washed from
the sample after the fixation process, so as not to leave the green
color, since it reduced to chromium oxide Cr203 during the sample
pass on various concentrations of alcohol.
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4 - Formaldehyde:
Formaldehyde (CH20) is a toxic colorless gas, is produced from the
oxidation of methanol. It can be prepared by approximately (3- 5%) of

paraformaldehyde powder in water at a temperature of 15-22 c. Add 1 N
of sodium hydroxide(Na OH) drop by drop until the fluid clears. The
solution must be used fresh. non-coagulant fixative.

Formalin:

Formalin is the trade name used for an aqueous solution of formaldehyde
containing 35 -40% formaldehyde gas by weight.



5 - Picric acid :
Picric acid (C6H2 (NO2) 3 OH) semple coagulant solution, slow penetration
through the sample parts and cause strong shrinking of the sample. So it
mixed with other solution. Crystalline Picric acid highly explosive, and
therefore should not be placed or stored on shelves, even if for a short time,
while its solution almost safe consequences (usually used as a saturated
agueous solution with a concentration of 0.9- 1.2%), and must be washed off
the sample after fixation by 70 % ethyl alcohol.
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6- Potassium dichromate:

Potassium dichromate (K2 Cr2 O7) simple non-coagulant solution of
protein. An orange crystals dissolve in water, so it is used as an aqueous
solution of about 1.5%. It soften sample tissues are difficult to cut, and
must be washed off with water after fixation process to prevent the
residual of chromic oxide formation within the sample tissue.
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/- Mercuric Chloride:

Mercuric chloride (Hg CI2) simple solutions coagulase to the protein,
which iIs colorless needle crystals dissolved in ethyl alcohol, a
poisonous, medium penetrating to sample parts, but it gives rigidity and
does not make shrinking or distorting. It must be washed from the
sample after fixation process with iodine solution then ethyl alcohol to
dissolve any residual Mercuric chloride.

iy 3 by sSMercuric Chloride:

) a3l &) slSHY Cl, oY) Jsasl) 2 ody ol dagae 4 ) @l sl JSd o sh 5 (g all 8580 4 ¥ Jullaal) (ha (
Cogfiil) day Al (e Ao g lggusedl ol Lgudlasll o Joary ¥ g A LSy A0S (Al ¢ 3l ) Ao gl 4535 93 cal 9 g
9830 & 5l8 (e il 5 (6F A A J9aSs a3 2 gal) J slaay



8 - Osmium Tetroxide:

Osmium Tetroxide (OSO4) yellow crystals, and when it dissolves in water
become Osmic acid, a weak simple solutions is coagulase to the protein. It
characterized by slow penetration to the sample parts, it also makes the
sample soft is difficult to cut. It does not cause shrinking to the sample, it
must be removed from the sample after the fixation process by washed
with running water. It used as 1% aqueous solution.
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Fixing agent

Acetic acid
Acetone
Chromium trioxide
Ethanol
Formaldehyde
Glutaraldehyde
Mercuric chloride
Methanol

Osmium tetroxide
Picric acid
Potassium dichromate

Trichloracetic acid

Additive
No

No
Yes

No
Yes
Yes
Yes
No
Yes
Yes
Yes

Yes

Coagulant
No

Yes
Yes
Yes
No
No
Yes
Yes
No
Yes
No

Yes



Notes :
1 - There is no one substance that will successfully fix

all components of a cell or tissue equally.

2 - It I1s necessary to combine fixatives in such a way
so as to minimize the shrinking or swelling action of the
various ingredients and to stabilize the various cell
structures.

3 - Any fixation schedule should be regarded as a
starting point from which the best method of fixation for
a specimen will be developed.



Fixative Fluids

. Formalin-aceto-alcohol ( FAA)
Navaschin’s fluid
Bouin’s fluid
Carnoy’s Fluid
Zenker’s Fluid
Zirkle’s Fluid
Chromic-acetic mixture
Acetic ethanol
Formaldehyde

. Flemming without acetic

. Allen’s Fluid

. Formalin and Alcohol

. Sanfelice’s Fluid
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1 -Formalin— Acitic acid—Alcohol: FAA

Formalin—acetic acid—alcohol (FAA) is good general-purpose fixative. Compared to
other fixatives. Sample penetration is not particularly fast . Due to the presence of
alcohols, shrinkage may occur. You may vary the amount of acetic from 2 to 6% to
modulate shrinkage and better preserve chromatin structure. Increase concentration
of acetic to induce greater tissue swelling and to counteract alcohol shrinkage.
Generally, tissues are killed and hardened within 18—-24 h. The fixative is stable and
does not induce hardening, so tissues may be stored in this solution indefinitely.. FAA
loses effectiveness with storage.

Ethanol (95%)
Glacial acetic acid

Formalin (37% formaldehyde)
DI
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2 - Carnoy’s fixative:

Carnoy’s fixative is a chloroform-containing fixative. It penetrates tissues
extremely rapidly and can fix small tissue pieces in minutes rather than the
hours required for other fixatives (Chamberlain, 1932; Sass, 1958). Delicate
tissues can be damaged when transferred from agueous solutions to this
fixative, due to the extreme hydrophobicity of chloroform and resultant rapid
tissue dehydration. Reserve Carnoy’s for more hearty samples. This fixative
has traditionally been used for cytological structures.

Fix small tissue pieces approximately 1 h, wash several times in absolute
ethanol, infiltrate, and embed immediately. (Sass, 1958; Golubovskaya, 1994).

EtOH (100%)

Glacial acetic acid

Chloroform



2 5.8 Jslsa- Carnoy’s Fluid:
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Fixation of samples in Carnoy’s fluid:
*In a fume hood pour 60ml of ethanol into a suitable container

*Add 30ml choloroform
*Add 10ml glacial acetic acid to give a total volume of 100ml|

*Place tissue into fixative for 1-3 hours
*Process fixed tissues immediately or transfer to 80% alcohol

for storage



3 - Farmer’s fixative:

Farmer’s fluid is an anhydrous fixative solution that causes rapid
dehydration and fixation. As with Carnoy’s fixative, the rapid
exchange of tissue water for fixative can cause extreme cellular
disruption. However, this fixative is excellent for cytological
investigations (Sass, 1958; Golubovskaya, 1994).

EtOH (100%) 75
Glacial acetic acid 29
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4 - Bouin's Fixative
Bouin's solution is a popular fixative for embryonic studies eg. Root and shoot apes,
embryo sacs. Due to its excellent preservation of nuclei and chromosomes. Bouin's is
very compatible with the trichrome stain due to its mordanting effect on the tissue.
Tissues fixed in Bouin's solution should be changed to 70% ethanol after 4-48 hours of
fixation (less than 24 hours is optimal). If the tissues are fixed longer than this they tend
to become brittle and difficult to section. (NOTE: long term storage in 70% ethanol can
lead to shrinkage of the tissue) .. ;... vBouin’s fluid -
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Cllay g8 Ja Yo Formalin
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Fixation of histological samples with Bouin’s fluid

*Prepare 75ml saturated aqueous solution of picric acid

*Add 25ml formalin (40% aqueous solution of formaldehyde) to
give 100ml total volume

*Add 5ml glacial acetic acid

*Fix tissue by submersion in Bouin’s fluid for 6 hours

*Transfer fixed tissue to 70% alcohol



5 - Zenker’s fluid fixation:

Contributed by Martin Fitzpatrick, University of Birmingham,
United Kingdom

Fixation with Zenker’s fluid

*Add 950ml distilled water to a suitable container

*Add 25g potassium dichromate

*Add 50g mercuric chloride

*Add 50g glacial acetic acid

*Mix thoroughly to dissolve

*Fix samples for 4-24 hours

*Following fixation wash samples overnight in running tap water
prior to processing
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5 S Jdelaw.Zenker’s Fluid:

= AUl A VY ) gad) pa (sSh g Al il Al Jartion g Addina M5 Ao e Jolaal) 1A lia

shiagladat s Water
agauligal) lag S AU aa @ Potassium bichromate
a3l bl an 000 Mercuric chloride
AL Al (aea Ja ¥ Glacial acetic acid

Aelu VY daal g ladl sl play Adad) Judsi ol Aol Y I ga Jslaall 138 B 400 Alal) plad 4 ) Saall
Ll e Jelaa AN ual ¢8 gy et S8 Jolaall 13A juiaal Juadyg



6 - Zirkle 's Fluid:

This is a good routine fixative giving excellent morphological preservation,
although it is not used as much as it was in the past due to the mercuric
chloride content . It consists of:

= 400 ml of distilled Water

2.5 g Potassium bichromate

= 2.5 g Ammonium bichromate

= 2 gof Crupper sulphate

The sample should be placed in this solution for 24 to 48 hours and
then washed subsequently with water several times and then washed

with water.



JSu) Jslaw - 1Zirkle’s Fluid :
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Chromic-acetic mixture

It consists of two solutions one weak used to fix algae, fungi, mosses, and
the other is the average concentration solution is used to fix the roots and
ovaries (Table 4), and the sample should remain in this fisative for 24 hours
and then washed with running water. It consists of substances found in Table
4, chromic acid, Glacial acetic acid, distilled water at different rates, see

Table 4 .
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8 - Formaldehyde:

Trade name for this fixative is formalin, which consists of 40% aqueous

solution of formaldehyde gas, it should also alleviate this solution to reach the
ratio to 5% formalin, and can also be used as a preservative solution

o walle, 4l .Formaldehyde:
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9 - Flemmingwithout acetic:
Flemming without acetic used to fix thin plant tissue. Due to the slow
penetration to the sample parts. It consists of the following simple solutions :

1-15 ml of 10% Chromic acid

2 -4 ml of 1% Osmic acid

Fixation vary depending on the duration of plant samples or cellular
components are ranging between 1 - 24 hours, the sample should be washed

with tap water after Fixation.

O 03 &5y giald Jslaa- Flemming without acetic:
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10 - Acetic alcohol fixative

Acetic alcohol (Farmer) : It uses for cytological studies especially chromosomes,
consisting of absolute alcohol and glacial acetic acid of 3: 1, respectively, for
example:

75 ml of absolute Ethyl alcohol.

25 ml| Glacial acetic acid.

And placed the sample for 24 hours chromosomes appears clear, but non-existent or
fade cytoplasmic organelles.

Acetic alcohol fixation:

Contributed by Martin Fitzpatrick, University of Birmingham, United Kingdom.
Fixative for smears..

*Add 3ml glacial acetic acid to 100ml 95% methanol.

*Fix section in solution for 1 minute.

*Rinse section in distilled water prior to staining.
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11 Allen Fluid's fixative:

This solution uses as a fixative to most plant tissues that do not contain a
large proportion of the wooden elements, particularly the floral buds and
developing apexes. It consists of the following simple materials:

/5 ml saturated aqueous solution of picric acid Pecric acid

1 -25 ml Formalin

2 - 5 ml Glacial acetic acid

3 - 1.5 ml Chromic acid

4 - 2 g of urea (urine)

The sample must remain in this solution between 4 to 16 hours, and then
transferred to 70% ethyl alcohol, several times until the yellow color of
picric acid disappeared, preferably prepared when to be use due to the
speed damaged.
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12 - Formalin and Alcohol Fluid:

This fixative is used when studying the pollen tubes in the plant material,
and consists of the following simple solutions:

1 - 100 ml Formalin

2 - 900 ml of 70% Ethyl alcohol

The fixation period ranging between 3 and 6 hours. Samples can be
saved In this solution for a long time, and therefore it can be considered

as a preservative solution.

12 Jsaslly Glla s 68l) Jslsa -Formalin and Alcohol :
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13 - Sanfelice Fluid:
This fixative is used to study the chromosomes in the cell divisions. It is
not stable. So it should prepared in two groups :
Group A:
1 - 100 mL of 2% aqueous Chromic acid
2 - 60 ml 2% Glacial acetic acid

group (b):
1 - 100 ml Formalin
2 - 60 ml of distilled water

Then mixed equal size of the two groups (A, B) before directly use,
and leave the sample in the new solution for an hour, then the sample
washed with tap water for one hour, then the sample is passed on
upward concentrations of ethyl alcohol starting of 30% to 70% , and
then it can be saved in the final concentration (70%) at 4 ° C.
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