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ANsuNaLdU (Injury)
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Wian

AdARANNLaY "nTuatiuaastaaa” (Definition
of cell injury)

snanvinlilaiadunatdu (Cause of cell injury)
n1sdsusuagieian (Cellular adaptations of growth
and differentiation) |
nseauduasiandunaluidadifiatgaduiatiy
(Subcellular responses to cell injury)
AsReRuLaznIsdaaunldavuasasnalutdaa
(Intracellular accumulation and Hyaline change)
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o Atom
‘ Organ
d Molecule
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ANTUNALALALADNUALTULRAR

IONIZING RADIATION

Direct effect
(DNA cleavage)

Indirect effect
(ROS generation)

Free Radicals
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IONISING RADIATION
»ENTERS THE NUCLEUS

OF A HUMAN CELL :
=
—
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v
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o
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S
RADIATION CAUSES DNA \'il

TO BREAK, POTENTIALLY s
CAUSING A MUTATION
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= Asuatduvadiad (Cellular injury) wunade ns”mumsmwjaa
Tuseniglianunsadnn1Lasvaa (Homeostasis) 13160 Wia
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ANLE1INR (Homeostasis)

Organism in

homeostasis
External Internal
change change

Internal change
results in
| loss of homeostasis

l |

L Organism attempts ‘

™~ &
J

to compensate

—

[Compensation fails Compensation succeedsj

v A
[ lliness or disease Wellness J
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1. msulfaundavnfiaiuitas

> eanufnlndiAaduduiaseasronarnini (Integrity)
2a9 Cell membrane

2. AsuldsundasRlaiawaiadu

> ATRTINAIIU ATP aaviaiad Lutwaywa (Impaired
Energy Production)

> wenuadgufining (Metabolic Derangements)

3. mstddaundaeniiieias
> AanNuAnlnfuasaswugnssu naa Gene
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1. msdQauudaentiaiuitas

Free Radicals

- g ,_((;
Ultra Viloet
Rays -}&

Protected by
Antioxidants

Normal Cellular
Damaged Cellular
Membrane Membrane

N —
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2. Al daund il tanwai s

1 0, supply
Toxins

Radiation

Mitochondrial damage

or dysfunction
|
YATP 4 Production

genTration of ROS

v

Multiple cellular abnormalities

NECROSIS

77\

| Survival signals
DNA, protein
damage

4 Pro-apototic proteins
¥ Anti-apoptotic proteins

Leakage of
mitochondrial
proteins

l

APOPTOSIS
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3. mMatdaauudasniliasas

IONISING RADIATION
»ENTERS THE NUCLEUS

OF A HUMAN CELL :
=
—
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=
v
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o
a_ ,.T'
[ ]
s
S
RADIATION CAUSES DNA \'il

TO BREAK, POTENTIALLY s
CAUSING A MUTATION

77\
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Asaauduaduadtuas (Cell Response to Injury)

NORMAL CELL \
(homeostasis)

i J Injurious
n;cer;i;% stimulus
........... CELL INJURY
ADAPTATION ey > B

to adapt »
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EES
“m S
. Phospholipid membrane
i sl Membrane blebbing ~ Ribosomal detachment Lysosomal rupture damage
ormal cel Endoplasmic reticulum —_—
swelling o S
N0

» l, g
!
i 2 ¥ \\
Irreversible injury X %

Irreversible injury
or cell death

-

Reversible injury

Reversible injury
or adaptation

swelling Mitochondrial
1 Miochondnial Nuclear changes can result in

Cellular swelling permeability
oiser i roraii ® Pyknosis (condensation) or @
;/—E v clumping o Karyorrhexis (fragmentation) or 4

® Karyolysis (nuclear pallor)

“Homeostasis”

Se

Moises Dominguez O
S
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Reversible injury/ adaptation

W

Damage o
(chemical change)

Gjl § Cells

Repair enzyme DNA

|
v v

Incomplete repair Repair failed Repair succeeded

o Mutation Cell death or cell

No hazard

degeneration
Possibility of Possibility of
hereditary effects effects on fetuses

16
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AsUsumuadLtas/Adaptation

e Adaptations are reversible changes in the size, \\
number, phenotype, metabolic activity or functions N\

of cells in response to changes in their

environment.
3 e Four types of adaptation are occurred
1. Hypertrophy
2. Hyperplasia
3. Atrophy

7 4. Metaplasia

S
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1. Hypertrophy

Pathologic hypertrophy

Nt
SN

Physiologic hypertrophy
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2. Hyperplasia

N\

(1
#®=
wt

Endometrial
hyperplas

Normal
endometrium

Normal Cells May Become Cancer Cells
Normal ——> Hyperplasia ——> Dysplasia —> Cancer

S
S
sas
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3. Atrophy

Muscle Atrophy Can Be Reversed

Healthy
muscle

Atrophied
muscle
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4. Metaplasia

NORMAL CELLS

MATURE COLUMNAR EPITHELIAL CELLS

21
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ANTUTuMmAadLiadnUL LU/ UAU Irreversible
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e lIrreversible changes
) e Necrosis: Death of a cell or group of cells in the
midst of living tissue.

1. Coagulative necrosis
2. Liquefactive necrosis
3. Caseous necrosis
4. Fat necrosis
5. Fibrinoid necrosis
6. Gangrenous necrosis

Ve~
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1. Coaqgulative necrosis
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2. Liquefactive necrosis
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3. Caseous necrosis
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4. Fat necrosis

Symptoms of Breast Fat Necrosis

® @

Nipple retraction May look red and bruised
b= g ' \‘\
» (3
f%B \'WV’J o
v
Skin tethering Feels like a hard, round lump, Usually painless, but may
or dimpling or like a section of thick skin be tender or painful in

surrounding areas

26
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5. Fibrinoid necrosis

\ ANEURYSM
FORMATION
(Angiogram showing
"String of beads")

{

HEALTHY BLOOD VESSEL

Fibrinoid necrosis

Inflammation

Diameter
reduced

AFFECTED BLOOD VESSEL Fibrin deposits

RSN

:
‘i—
§
:
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6. Gangrenous necrosis
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fE.ANTUALIVADIG

Growth Of
Connective Tissue

Scar Tissue
Formation

Hepatic Stellate
Liver Cell Injury Cell (HSQ) Fibrosis Cirrhosis

R4
11441 P B

* Hepatitis B/C Virus
* Alcohol

+ Aflatoxin

* Iron Storage

* Obesity

* Diabetes

NS —
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. Phospholipid membrane
i sl Membrane blebbing ~ Ribosomal detachment Lysosomal rupture damage
ormal cel Endoplasmic reticulum —_—
swelling o S
N0

» l, g
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Irreversible injury X %

Irreversible injury
or cell death

-

Reversible injury

Reversible injury
or adaptation

swelling Mitochondrial
1 Miochondnial Nuclear changes can result in

Cellular swelling permeability
oiser i roraii ® Pyknosis (condensation) or @
;/—E v clumping o Karyorrhexis (fragmentation) or 4

® Karyolysis (nuclear pallor)

“Homeostasis”
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fnanvinliilaiaduatiu (Cause of cell injury)

Oxygen deprivation: n1sa1naandiay

Physical agents: ﬁonsmfumomﬂmw

Chemical agents: &staliuazen

Immunologic reactions: UjAsennianiauduaralusignie

Genetic derangements: ANuAalnGNIIWNUGATTY

Nutritional imbalances): a1 ufnilnfuadgnsarniig

Aging: AN S
Infections: iifanalsa L

© NSO U A W=
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1. nsaaaandiiau (Oxygen deprivation)

Normal heart

Tetralogy of Fallot

NS
National Medical Slide Bank/Custom Medical Stock Photo
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2. ﬁonszm‘fumomﬂmw (Physical agents)

Electrical burn of the skin

77\
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* Nonosmotic sodium

storage
* Ameliorated cutaneous

infection

camuSiss
'S > mmEE

Aggravated lung
inflammation

High salt diet

* Enhanced colitis

* Depletion of lactobacilli

3. &15afl (Chemical agents)

* Arterial hypertension
* Optimized barrier
defence

* Delayed wound healing

* Neurovascular and
cognitive dysfunction

¢ Enhanced experimental
neuroinflammation

77\
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UfAzenmniauiunalusgnie

——
Multiple sclerosis / he \ ;‘&L&%ﬁ‘%ﬂ
Myasthenia gravis ’\ /' i)

T Nervous
system Endocrine

Skin ~ L

Psoriasis ] 4 \ i i
”» o AREE Type 1 Diabetes Mellitus
SR m p Q 2 ¥ Graves's disease
Dermatological \ Endocrine
autoimmune y 30‘}_0"“"10"8
diesease 7 iesease
GIT
(/\&\ 3 3
( | | Ulcerative colitis
g%témagoid aghlilis \ / Crohn's disease
jogren’s syndrome s
\_/(/

i Gastro-intestinal
agtgli‘r:\n;tgr:le autoimmune
diesease diesease
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WU§n554 (Genetic defects)

EE i i TR T
s
HEEfEaEs
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n1sWaadaNTa111s (Nutritional defects)

Brain and Nervous System

Respiratﬁy System

Ophthalmic System

Skeletal System

Integumentary System

a'ereg v

Urinary System

7 *

Roles of vitamins on organ system

Immune System

N —
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Nutritional Pathology

* Nonosmotic sodium
storage

* Ameliorated cutaneous
infection

* Delayed wound healing

=20

ameeies

2
(1

* Depletion of lactobacilli
* Enhanced colitis

Aggravated lung
inflammation

High salt diet

RS

77\

* Optimized barrier
defence

* Arterial hypertension

* Neurovascular and
cognitive dysfunction

* Enhanced experimental
neuroinflammation

38



AU (Aging)

Environmental and Telomere Abnormal Environmental
metabolic insults shortening protein homeostasis stress
[ ROS? l l ¥ Insulin/IGF signaling
¥ TOR
¥ Cellular ¥ Proteins, Altered sirtuins
replication damaged \
proteins
Defective Altered
DNA repair transcription
DECREASED
MUTATIONS CELL LOSS CELL FUNCTIONS
| ] |
. |-1 DNA repair
CELLULARAGING || . .
COUNTERACTS AGING L 4 Protein homeostasis

“Individuals age because their cells age”

N —
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Iatinnalsa Microbes
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The presence of pathogens, microorganisms or germs, enter and multiply
in the body, may or may not lead to disease.

) =Infection/ A1sdaila
\\

=Infectious Disease/ 1safiai2ia
A disease caused by the presence of pathogens in the body.

=Pathogens: Infectious agent/3adin
Microbes that do harm, cause disease

>

43
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Obj.2

AN36aLda/ 15AfaLa

15 Days after

XXX.
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—>Microorganisms are organisms that exist as single cells or cell
clusters and too small to be seen with naked eye.

(a) Cell Types (b) Virus Types
Prokaryoti Eukaryotic
c Nucleus Mitochondri Envelope
Chromosome Ribosomes hL
AT Capsid
Ribosomes '/
e ]\ Nucleic
' 2 ::, - ;.:-: ‘ Nt acid
L.: A @ ool AIDS virus
(S o ° :, 2 o © A
,.ﬂ a 3
- Ry
Cellwall  Cell -
membrane S 9\

“Flagellum

Flagellum

\ g 8
I 4 \
Bacterial virus

45
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855U AUDIVIAGALAAA

delsalalnen1snsiaund
(USUAL TIME OF DIAGNOSIS)

LR m‘iL‘IJaIHULLUax‘lIu'i"N n1e
(PATHOLOGIC CHANGES)

N9
MPTOMS)
isazﬁgﬁhw‘%’mﬁm SEUTMARIDINNS
(STAGE OF SUSCEPTIBILITY) (CLINICAL STAGE)

seuzdugnuodlsa
(DIMINISH STAGE)
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FRANADTIA

Pathogenic Microorganisms

J
o

Bacterial Parasitic

Rickettsia

XXX.
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Classification of Microbes

~

Organisms

,:/“,‘”5 / (living)
N

e e e S e ey

| Domain Eucarya]

— A

T

Infectious agents

Prokaryotes Eukaryotes

(unicellular) G B
/// \\

Algae Protozoa
(unicellular or (uniceiiuiar)

multicellular) /
) Protlsts

temieeHllar or
multicellular)

(nonliving)

TN

Viruses Viroids Prions

~

Helminths
(multicellular
parasites)

-
SN SN
sas
A RN
SO
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wumwaaqa%w

Range
of Reproduct
TTTET TarED eproductive structure .
eye of bread mold Macroscopic
A
100 pm
Colonial alga
(Pediasirum)
Range
of .
light microscope —
O Red blood cell White blood cell
Most bacteria fall between 1 to 10 pm
in size ﬁ\\\ ° °
1um Rod-shaped bacteria Coccus-shaped bacteria
’ e Rickefisia bacteria = s B (Staphyi )

Require
special
microscopes

?‘
@

AIDS virus

Paoliovirus

Diameter of DNA

My coplasmabacteria

=

Flagellum

Poxvirus

Hepatitis B virus

Amino acid
(small molecule)

3

Hydrogen atom

=
@ Large protein
e@"@

{1 Angstrom) . Q,(\\ - 0,,."6-\ S 6\“\ \‘f‘\ @,&\ S -
[eremes) PEPTASIER o o o
s g - 08
OF 8 o B e o P & Lo &
1,000 100 10 1. O 0 0, 0 0 0 0 0 0, 0 0 0
0o -1 =2 -3 4 5 6 -7 -8B -9 -0 11 —12

Log 1q of meters —— 3 2 1
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Adenovirus

Virus/ 125%

9 |2250m

4  Bacterophage T4

w s Tobacco mosaic virus

Hepatitis B Ebola Virus 2. MS2 250/ x !0 nm
S )
<

Poliovirus Vaccinia virus

300 x 200 x 100 nm

Influenza Bacteriophage

© BENJAMINCUMMINGS

1/6 90 nm Bacteriophage M13 °
800 x 10 nm
Chlamydia

1000 nm

Ebola virus
970 nm
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COLD
SYMPTOMS
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Type of
/

Bacteria

T~

Gram Negative Bacteria

Gram Positive Bacteria

/ Veillonella

Meningococcus
Vibrios

Gonococcus
Spirochetes

Helic
o Spirillum

Escherichia
y Chlamydia g/ /
Rkkema

J

Clostridia Streptoce<ci

Q Micrococci

7 & Listeria 0
' Pneumococci Covynebacteda

Stapw“j/
socuu

Actinomycetes
Bifidobacterium

| shutterstock.com + 1709829493
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Gram Positive Bacteria & infections
// g T ' SO P
/ “\. : ¢ [ b ] L I'l ;’.’9 ,\

I A,

* x (A B
Cocei Bacill . U L
Catalase +ve Catalaze -ve ' | -
| ! I l
Staphylococcus Aerobic Anaerobic

s [ | . Coagulase +ve Coagulase -ve

COMNS
5. aureus | e.g. 5. apldcm_ﬂldla
5. saprophyticus )

v
Listeria
- c. difficile
Conmebacterium diphtheriae
[ Bacillus cereus C. tetani
e TETANUS e

54



v Gram Negative Bacteria & infections

/ Diplococci

O

Aerobic
Sa
sas
S

Malitose utilization

Coccobacilli Bacilli

[ 4

Comma-shaped 7-{5'{5"

Oxidase-positive

No
N. gonorrhoeae

Grows in
42°C
H. influenzae
B. pertussis
Yes Pasteurella C. jejuni

Brucella

N. meningitidis F tularensis

Lactose fermenting

Grows in Urease
alkaline media producing
V. cholerae H. pylori

Prar

No Yes
s Shigella Salmonella
Yersinia Proteus

© Lineage

No Ye_s
Oxidase I I
No Yesl Slow I Fast I
Pseudomonas Citrobacter E. coli
: Serratia Klebsiella
|-'2 S-producing Enterobacter

Moises Domin¢

55



56



Mixed Infections

Virus: Herpes Virus + Bacteria: S.aureas

57
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Candida albicans

Fungi

Yeast Molds
L 2
Candida
Septat Non-septat
G epla e on-septate
. l l 4
Dimorphic Dematiceous Hyaline mold Zygomycetes
or black mold
Histoplasma capsulatum Dermatophytes
Pennicilium marneffei Aspergillus

58



Fungal Infections

infestation Systemic

Cryptococcosis

Candidiasis Mycosis Aspergillosis



Entamoeba histolytica

Protozoa

Giar}iia lamb

”"",!"" Divo de adesio
X

lia

mucous bloody stool

Malaria

-
SN SN
sas
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Intestinal Protozoa

Entamoeba histolytica Giardia lamblia \

RS

Nlusuas S0

Pale and greasy feces

Amoebic abscess

61



Malaria

Plasmodium falciparum

Fever with chill every 2 days
No pattern

Plasmodium vivax

- Fever with chill every 3 days

62



N
Malaria: signs & symptoms

Incubation period Symptoms Fever

- 9-14 days - Flu-like: fever - chill
myalgia - Fever40-41C
nausea/vomiting - Sweating

abdominal pain

63



Helminthes

Platy helminth

Fig. 42.1. Taenia solium.

Round worm

64
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Pathogeneses &



f}) Dathogenesis

m The sequence of events that leads from
cause of disease to structural and
functional abnormalities

C
>
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Pathogenic Infection

EXPOSURE

to pathogens 4_\
o ‘_)

&
ADHERENCE
to skin or mucosa

,._Jv\

Further
exposure v‘ Further
at local INVASION e g

sites through epithelium
P ——

>

4,
.
Y
115’
i’

g
COLONIZATION
and
GROWTH
Production of virulence factors
e R M G -

> 2
28 A N

N N

TOXICITY: INVASIVENESS:
toxin effects are local further growth at original
or systemic site and distant sites

N N

TISSUE DAMAGE, DISEASE
')‘ & ." -
S ))". )Ji .

67
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Microbial Mechanisms of
Pathogenicity

N

Z#S @ They move into a @ Here they cause
specific target tissue, tissue damage,
such as an organ. leading to disease.

Host defense barrier

Microorganisms

enter the sterile

environment of the o0
host's tissues. A
Portal .
of »
entry
Microorganism ° ." Microorganisms leave
¢ o exit the host through a
o o sk
portal of exit to infect
another host.
(A) Aninfectious dose
of microorganisms
penetrates the host's

defensive barrier,

S o

sas
SN
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A

Portal of entry

Mucous membranes
= Conjunctiva

= Respiratory tract: Droplet inhalation of moisture
and dust particles. Most common portal of entry.

= Gl tract: food, water, contaminated fingers
= Genitourinary tract

) N

Skin
= |[mpenetrable for most microorganisms; can enter R
through hair follicles and sweat ducts. RND
Parenteral Route AR
»Trauma (S. aureus, C. tetani)
» Arthropods (Y. pestis) /(
»Injections 69
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Dermis

Subcutaneous
layer  Eibroblast

Portal of entry

Microbial % Mucus
cells @ _
o QU0 i - / :

Epithelial
cell
(a) (b) 0 %0

Figure 211 Brock Biology of Microorganisms 11/e
©2006 Pearson Prentice Hall, Inc.

Epithelial
cell

Sweat duct
gland

Platelet i
p Sebaceous :
Neutrophil gland Collagen Capillary

DY
L JEEN
X
N
SeTs
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Adherence

Adhesins: surface
projections on pathogen, mostly made of
glycoproteins or lipoproteins. Adhere to
complementary receptors on the host cells.
Adhesins can be part of:

) N

= Glycocalyx: e.g.Streptococcus mutans
= Fimbriae (also pili and flagella): e.g.E. coli

Host cell receptors are most commonly sugars (e.g.

mannose for E. coli

Biofilms provide attachment and resistance to
antimicrobial agents.

L
L JES
S
N
SeaTs
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Adherence

$ 6556855445

adhesins




Ijj Overcoming Host Defenses

///) N

7]

Capsules: inhibition or prevention of :
Cell Wall Proteins: e.g. M protein of S. pyogenes & (%) S
Antigenic Variation: = :
Avoidance of Immune system . e.g. Neisseria s, A

Penetration into the Host Cell Cytoskeleton: \™"
Salmonella and E. coli produce invasins, proteins that
cause the actin of the host cell’s cytoskeleton to form a

basket that carries the bacteria into the cell. RN

llllllll

Use actin to move from one cell to the next

= Listeria /(
= Shigella



Enzymes Used for Penetration

" e
o'y  coagulase 3 streptokinase 2T
Pathogensii.." i %o PR
. .‘.".- >
; )

Blood vessel blood clot around pathogen dissolves clot and
releases pathogens

(b)

Pathogens

el :
“:,...‘0.27 hyaluronidase

Basement membrane

dissolves intracellular cement,
allows pathogen to spread to
deeper tissues

S o

sas®
SN
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Overcoming Host Defenses




jﬁj Bacterial defense against phagocytes%




Bacterial Overcoming Host response %

CEACAM1 Y w4

FasL

TGF-B

IL-10

IL-6
\\\~ ~
st
RGN
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How Pathogens Damage Host Cells

= e _\ >
. p ® & (==Y .
[} X » =
Il =
Pyroptosis Apoptosis Oncosis Autophagy
Unconventional _
prot‘:n ;‘;cr:li:n Membrane Apoptotic e sy
O ruplure bodies £ / R
L @ Membrane ** '
blebbing e o
g

Mature
cylokines

| Immature  Other  Glycolysis
| cytokines substrates enzymes
N @ vesicles

fragmentation

Membrane
swelling

permeability
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Steps in viral infection

79




Steps in bacterial infection

Hide from immune
survelllance / viral )

Modulate:™
latenc
./ signal transduction
gene expression
Intrinsic pathways
cell death
Degrade
host receptors
Virokines/

Viroreceptors

Inhibition of k ~'
phagocy!oms
\\ .~ \

300

Medulation of surface
structure to avoid recognition
(complement inhibition, amngenlc variabllity, etc) Activation or interference

with TLR signaling pathways

g L)
\\
Altered signaling

)
Altered Interferon / /

Surface degradation
o 3 modulators Inflammatory responses eg o
Inhibition o| / ﬁ
Ag presentation ) g
Secretion of 89
toxins
Modulation of cell
c death pathways
virus o : secreted or translocated P Y
products °° 4
cytokine
production

# bacteria l
H eg. TLR

cell surface receptor

Apoptosis

1. Attachment to
host cells
. Proliferation
. Invasion of host
tissue
4. Toxin-induced 2%
damage to host
cells

80



Fungal infection

:Hypha iYeas( cell
Adhesi d
[ < i o I o | colonization

Hyphal
penetration
and invasion

Vascular
dissemination

Endothelial

Q colonization
and penetration

Nature Reviews | Microbiology

81
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Fungal infection(2)

Colonization

SR —— . T | Antagonism by gut flora
- >
?Q - Shielding of PAMPs
Yeast cell Q =
P38 —> {:UONS No cytokines

Macrophage

Invasion

1h fungal load

Defensins
o

=
D So
o

Damage

Cytokines

NLRP3

inflammasome ——f \ \
3 Pro-IL-15

-6 Caspase 1
I-23 I-1p

F—— Modulation
of tryptophan
metabolism

T,,17 cell

Nature Reviews | Microbiology
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j} Microbial Mechanisms of Pathogenicity /<M

Number of
Invading
v Microbes
Penetration or Damage to
Portals of Entry g Host Cells
Mucous membranes of Hout Detenses Siderophores Pontile of At
Respiratory tract
Sl > » Capsules — Direct damage —— Generally the same
gasvomt_estmﬁl t’:ct Cell wall components Toxins as the portals of
cen!tounpary i Enzymes Exotoxins entry for a given
Sk,°“l"“°t"’a Antigenic variation Endotoxins microbe xS
in Invasins Lysogenic conversion SKT
Parenteral route Intracellular growth Cytopathic effects U
Adherence [
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