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/It’s one of the most important aspects of histology.. because tissues are too small N

/\ |3 <G cﬂy :,_USA.\“ 2 s X ,4\.;43[.».4&' . .L.\JJA ).@AAS | Ccaas G:;n.\“ \JA ( E.u::'j
S ol 3 Anmiln g5 Sy Anailond e

(s Histology is the study of the various
tissues of the body: how these tissues

~—— appear, how they interact with each other
and how they are arranged to constitute an

\_ organ. .

* Features of tissues cannot be seen by the
un-aided eye. Therefore, their study 1s
done by using a magnifying tool — the
Microscope.




Components of Tissues

Fibers
__> stances that could be
fotnd outside the cell Organic and
Cells Extracellular Matrix Inorganic
molecules
Water

\ Fig.1: Image showing
N~ N various components of
,’ collagen fiber - tissues.
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Preparation of tissues for study ¥

Before putting the tissue under the microscope I must prepare it.

1. Fixation: To prevent tissues from being
Dl degraded by tissue or bacterial enzymes, a
e SV ﬁsultable fixative must be added. These
prevent the protein enzymes from

5.5 functioning. The most famous fixative

BELREW . . .
b yos; Laia used 1s_Formalin (an aqueous solution of

fonnaldehyde)m to preserve A ftersl

" 5 . .. ome time
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/(\/2. Embedding: To facilitate the cutting -
process, the soft tissues must be first \/
placed into a suitable hard medium

@ (usually paraffin wax).— Used at low temperature

/




4 it pe daiY) ol g gall o SON (I PRIV 4 I WU ISR DO B KYWA (I
k) e 3 5= A DERC T

3. Sectioning: The thick tissues do not allow light to pass
through them. Therefore they must be cut into thin slices.
This 1s usually done with a device called the microtome.
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4. Staining: Most tissues are colorless. To make them
casily visible, they must be stained.
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The Main Principle of staining:

Acid + Base = Salt + Water

 Components of cells with a net negative charge react
Not [ With basic dyes (which are positively charged and
always usually blue). These components are, thus, called
Basophilic. Examples: DNA and —RNA,

In extracellula o _T . .
matrix Giycos_'ammoglycans, and others.” Seenin Seen in rough

X c el i . Qnucleus endoplasmic
LAY Clawaa (o L 300 Gl @ pr st @ palay L reticulum

 Components of cells with a net positive charge react
with acidic dyes (which are negatively charged and
usually red). These components are, therefore, called

Acidophilic. Examples: proteins (as in collagen fibers
’ . A 94 (98 (Saa -
L and ﬁntochondrzq) and others. e 4 In extracellular matrix
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Microscopes and Microscopy

* Several types of microscopes are used in histology.

* They can be generally divided into 2 types:

o Light microscopes: which use the ordinary beam
of light

o Electron microscopes: which use a narrow beam
of electrons

-,
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The Light Microscope it
1) Bright-Field Microscope
Prism
* It’s the most common type of 7
. . \ |
microscopes, used in schools, \ R
collages , research centers and lenses
many places. - Specimen
[t’s the Simplest , and just uses A= 4:::;
an ordinary beam of visible light | "
{ ' ——— Condenser
v . [ E=—1)— Light filter
O m II” ‘m > Stage position
@ adjustment
Fig.2: Image showing various | ' Focus adjustment
parts of a Bright-field light \'/ T e
miCcroscope. T~ v !
HjIEY ¢ \
@ llluminator Mirror
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The Resolving power
of the light
microscope 1s about
0.2um.

Resolving power: the
minimum  distance
between two points
that enable the device
to recognize them as
two points”.

* This same definition of resolving power can be used for cameras, television sets,

0.2um

N D

>0.2um
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computer monitors, and the human eye.
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Seen by the
light
microscope
as two points

Seen by the
light

microscope
as one point
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Fig.3: Resolving power of various optical devices.

Electron microscopy gJiss.
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2) Fluorescence Microscopy

o When certain substances are irradiated by a ray of a
certain wavelength, they emit an electromagnetic
wave of a, usually, longer wavelength. This 1s called
Sfluorescence. =25 o o5 3 sall Gany (233 5n 50 40 58 Apals

(Jshl We 5) Jal a0 Jshy Jal glad] cdarid (ixe (o 50 J sy gLl 30l

o When UV light 1s used, the emission is in the visible
spectrum. Gl (568 42V & @l il b deddiual) deiY)

o During tissue preparation, certain substances with this
characteristic can be added to the tissue. These will
bind to the various structures and make them

fluorescent. ;
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 Example of fluorescent
substances:

1) Diamidinophenylindole
(DAPI) binds to DNA
=> Blue

2) Phalloidin  binds to
actin filaments 2 Red, *
Green

3) Tetracycline binds to

_newly formed bone -2
Green
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The Electron Microscope

d Uses a beam of electrons instead of light
photons.

A It gives a much higher resolution than the light
microscope (resolving power around 3nm).

d It could be either Transmission Electron
Microscope (TEM) or Scanning Electron
Microscope (SEM).

o
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1) TEM

(d The beam of electrons
interact differently with
the different parts of the
section.

Some are deflected,

™~

some pass through, and
some are reflected.

Electrons passing
through the section are
detected to produce an

1mage.

Electron gun
Cathode
Anode 1 'Y ]3 mm
Copper grid

Condensor lens with 3 sections

Specimen
Objective lens holder
Column
Intermediate lens
Projector lens TEM image

Image on viewing
screen

Electron detector
with CCD camera

(a) Transmission electron microscope

Fig.4: Schematic drawing of TEM.




Fig.5: (a) A TEM image of the cell membrane.
Note how it appears to be formed of a white line
between two dark lines. In the light microscope
image (b), the cell membrane appears as a very
thin line (arrows). With the electron microscope,
we obtained an image with a higher resolution
giving us more details about the structure
studied.
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2) SEM

(d The specimen is first
coated with a metal that
reflects electrons.

Like Au/Ag (ozadll 5 i)

d The electron beam
scans the specimen
from end to end.

d The reflected clectrons
are captured to produce
a pseudo-3D image of

the coated surface.
**I’m not getting an image of
the nside of the tissue

o
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Electron gun

Cathode

Anode

Lens

Column

Lens

Scanner
Electron detector

Lens SEM image

Specimen

(b) Scanning electron microscope

Fig.6: Schematic drawing of SEM. J




Fig.7: A SEM image of an ant.
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g Other methods of study A

1) Autoradiography *Some type of radie.ttion t.hat comes out from
the tissue itself

¢ Molecules (amino acids, sugars, nucleotides, etc...) labeled
with radioactive isotopes (usually tritium, *H) are added to

the living tissue prior to preparation.
4gd ddma ¢ Jaky ot i g 0 judaad ol gl lgdudaly Uald | 400 4o lad) duald L) (583 2 gal) Glany
¢ The radioactive molecules are taken up by the tissue > The

tissue will give off radiation.
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¢ The slide is covered by an emulsion containing Silver

Bromide to detect the radiation. silverd cilisi e s siat sla 2Ll
il o Laual Lali 2840 il e i s metallic silver J Jsaiiy gladDd (a2 Wl g
s bl IS5 e ¢ dadl (ala jeday ) ¢ LedDU gl (g jaf axy 48 (pxe 6 o Jadi i
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*¢ The slide 1s developed 1n a dark box and the areas of tissue
@ containing the radioactive molecules appear as black dots. y
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Fig.8: (a) Mouse salivary gland injected with radioactive fucose which was used in
the synthesis of saliva. The black dots indicate the site of synthesis. (b) Mouse lymph
node injected with radioactive thymidine. The thymidine was concentrated in areas
where DNA synthesis was taking place. The section was also regularly stained. /
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2) Histochemistry

¢ Chemical reactions occur throughout the body. These

reactions produce soluble, thus, invisible substances.
¢ In histochemistry, certain Markers are added to the
tissue that will convert the reaction products into
insoluble and, therefore, visible substances that can
be detected.
Jalld (@8 ) ) Aise e U588 1) e sl AL 3 all oo L
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Fig.9: Renal tubules. A histochemical method was used to
@ localize areas with high alkaline phosphatase activity.
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Immunohistochemistry

Tagged antibodies
specific against a
certain part of a tissue
are used.

These bind to the tissue
causing their staining.

Fig.10: Adenocarcinoma of the intestine stained using an antibody
against a specific substance produced by the tumor. Cancer cells
are stained brown.
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Problems with tissue preparation

1) Artifacts: (something wrong that happen during the
preparation) these include :
- precipitation of stains : s A staindl @ e ey (See Ulal

) 5, seaall i i Ama shalias staind! canb e e gaie jeday <o slided)
artifact 2>« s s acidophilic s S8l Ll jea) ool (s2ie el

- breakage 1n the tissue : e alsil Ulal jhaal 7 tissuedle Jxill s
o Sy il (S 4Ky jad ol ales A 5 AU lSa

- shrinkage of tissues : U s sl o (s siath ale JS8 dausV) 5 LA
A2l ALl ) gall G elall (e 5S¢ a A Ul Gu Leana 5 LSS IR asy
gl (el e Cul o4 5 (Artificial Space) less sla

**Artificial space causes : - breakage in the tissue
- shrinkage of tissues
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2) Totality of tissues: it’s almost certainly impossible to
differentially stain the different parts of a cell or a
tissue at the same time. Therefore, several sections
must be studied and different methods may be used.

Sha e (the tissue 1s Qne) 3aal g Bas g A e oS La Ladla c_u.d\
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/3) 3D vs 2D. a section will give us a 2D 1mage of a 3D A

object. A sphere appears as a circle and a tube may
appear as a ring (a sphere appear as circle). Different
planes of sectioning will give the same object
different appearances i1n the section. So, 1it’s,
sometimes, necessary to create sections in different
planes to get the true shape of the object.

48 531 Wl G 3D object oS Loaly 3K
. e & . . '\. . /\
ade iy Y Rl s 2D OsSo 7L el & > L4 L3 @

Led g3l o3 diall Co ol (s LA el 8] © @
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Fig.11: A tube sectioned in
@ several planes. /
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a Fig.12: Lactophrys trigonus
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Atomic Force Microscope (AFM)

In this type of microscopes, the surface of the
specimen 1S scanned by a nano-sized probe at a very
short distance (few nanometers).

s At such distances, the

surface and the probe
interact with each other
through atomic forces

(mainly the van der
Waals force).

AFM was invented at IBM.

Euay aa 43ds ddluee 5 nano-sized probe Al s slided) e lasas Jaidy jeaall ala
Van Der Waals Force (oaud 3 5 msall oy g dball ey )08 7 ) la (g 08 8l o) 2l

s Lo 8 28]l

PSS sy < g_"?'I'ip is in contact with

surface;
— | —jrepulsive regime

Tip is far from the
surface; no deflection

T ST ALl Als el gl
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Tip is pulled toward the

i | f&.\;),d\ Lﬁuz surface - attractive regime

slidedrs:! ]f-\ Eayy)
r

obe Distance from Sample (z distance)

Fig.13: The relation between force and

distance in an AFM.
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The probe consist of a spring (cantilever)
and a tip. As the tip moves over the
specimen, the cantilever will bend
according to the contours of the surface.

» A laser directed at the back-surface of
the cantilever 1s reflected onto a

4
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photodiode. The position of the laser Fig.14: A SEM image
depends on the position of the cantilever. of the cantilever and
cantilever (» 58t , SEMJ! 4daul 5o AFMV 3 ) s (8 5 gualls Lic ) tip of the AFM.

e cantileverd! s e 48 ja pa lan b ja dilue Lo dall (348 tipd) Jes Cus Ailels tip s
photodiode le (S2i s cantileverd) b o 4a 5o laser 2 OsSe 45S ya DA 5 Al (568 JauY) |
cs}qum.\;\slsomc\_ud\ JM&,M\GLJ:SDSJMIEISGIU\ lSad) d:\jaﬁgeﬁo‘)jdg‘;m
0.1nm W_)1i Resolving Power—i s s ) sall 5 cantileverd) &l ad ) jaiu) can Jaserd) palSas
Hed) s HJI £l <l 53l JS o gl AFMJ) DA (e 385 (1A) asyiead) 1 s st e

¢ A computer will create an image of the surface based on the
varying position of the laser.

% The image obtained is a true 3D image of the surface with a

resolving power of 0.1nm (1A). Y
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z4 | Piezo
/. scanner
Ig —
X

computer

CONTACT MODE TAPPING MODE

Fig.15: Components and mode of action of AFM. In the top-right, an image of

@ a single molecule of DNA seen by AFM.




Thank You

" Some men see things as they are and say: WHY?

I dream things that never were and say: EVH YNOT? “




