




Cell injury, Overview of cell injury & cell death
 Normal cells are in state of homeostasis i.e. an   

equilibrium with their environment.

 Injury is defined as a set of biochemical and/or 

morphologic changes that occur when the state of 

homeostasis is affected by adverse influences.
Cell injury occurs:

(1) when cells are so severely injured that they are no 
longer able to adapt.

(2) when cells are exposed to inherently damaging 
agents .

اذا كان ال dose تبع ال injury عالي 0 يمكن للخلية أن تتحمله 
 irreversible وهذا بكون

مثال : عندي مثF جنC غير طبيعي 



 ةيعيبطلا ةلاحلاب اهفئاظو ءادا ىلع ةرداق ةيلخلا : homeostasis لا موهفم
 

 injuries agent وا adverse influences  ل ضرعتت نكمم ةيلخلا هنا ينعي: cell injury لا موهفم

Injuries agent includes:
1)hypoxia 
2)physical factor
3)chemical factor
4)environment factor 
5)infection 
6)radiation 

 ةيلخلا يف رثأتب لماوعلا ياه لك



Cell injury can be :

Reversible or Irreversible
What is the difference between reversible & irreversible cell 
injury ?
 The difference is quantitative .
 Reversible injury is mild , and following the 

removal of the adverse influences , the cell reverse to 
normal state .

 If the cell cannot recover , the injury is considered 
irreversible . في خ4يا ما بتتحمل حتى التأثير الخفيف 

nerve cells زي ال
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Figure 36 - Normal cell.

 خلاو  nuclei /cell membrane/organelles اهلخادب ةيعيبط ةيلخ ياه



CAUSES OF CELL INJURY

Known causes of cell injury can be grouped into the 
following categories:

(1) Oxygen Deprivation
(2) Chemical Agents,
(3) Infectious Agents
(4) Immunologic Reactions,
(5) Genetic Defects,
(6) Nutritional Imbalances,
(7) Physical Agents,
(8) Aging.

Ex: poison /drugs/ Insecticides/ 

Ex:Bacteria 

Ex:anti body 

Ex: abnormal chromosomes 
 ةمزOتم ىضرم لثم  تاسوموركلا ءاطخا ينعتو

 نوادلا

 Ex: Increase body fat/iron deficiency 

Ex:Temperature 

 cell adaptation نم رثكأ  cell injury كلستب مسجلا ايOخ رمعلا مدقت عم



(1)OXYGEN DEPRIVATION

 اعًويش رثك"ا
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(2) Chemical Agents :
 Virtually any chemical substance can cause cell injury .

Potentially active agents like air pollutants , insecticides , CO ,
asbestos & ethanol, even oxygen at sufficiently high partial
pressure can cause cell or tissue injury .

★ Poisons cause severe damage at the cellular level by
increasing membrane permeability e.g. by mercury in mercuric
chloride poisoning or cyanide, a supertoxic agent binds to
mitochondrial cytochrome oxidase.

(3)    Infectious Agents : All infectious agents can trigger 
cell & tissue injury .Viruses as an example
Bacterial damage to host tissues depends on;

(a) The ability of the bacteria to adhere to & enter host cells,

(b) To promote hypersensitivity reaction, or

(c) Deliver toxins which are either: exo-, or endo-toxins.

Potentially active agent : يف  
جتنتب يلاو محف مجانم يف نامع  

روخصلا  

Permibility : ةيذافن ةدايز  
اهتانوكم دقفتب ةيلخلاف ءاشغلا  

ةيلخلا تومتب تجلاعت ام ول ةريطخ مومسلا

Cyanide:  س هذخوب يلا ادج ريطخ و ماسOكتم  

*
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(5) Genetic Defects
May result in pathologic changes as clear as the congenital 
malformation associated with Down syndrome (Trisomy of 
chromosome 21) & sickle cell anemia .

(6) Nutritional Imbalances
Nutritional deficiencies are major cause of cell injury
* Protein —calorie insufficiency among poor populations is
the most obvious example .
* specific vitamin deficiencies (scurvy, rickets) .
* Excesses of nutrition are also important causes of
morbidity & mortality; e.g. obesity markedly increase
the risk for type 2 diabetes mellitus, endometrial & breast
cancers,& hypertension.
Diets rich in animal fat is strongly implicated in the 
development of atherosclerosis .

Any abnormal defect in gene 

)يهيجوتلا( يلجن<ا مدلا رقف
 Thalassemia : رخا لاثم

C and  D

Ricktes 
Scurvy 

 حاسكلاب بيصي  vitamin Dصقن ببسب
 طوبرقسلا ببسي vitamin C صقن ببسب

  مدلاب لورتسيلوكلا ةدايزل    مسجلاب ديزتب نوهدلا
 death  ةياهنلاو         ةيومدلا ةيعوTاب نوهلا تابسرت
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(7) Physical Agents :

Trauma, extremes of temperatures (e.g., burn) 
radiation, electric shock, & sudden changes in atmospheric 
pressure all have wide-ranging effects on
cells.

(8) Aging :

Cellular senescence leads to alterations in replicative & 
repair abilities of individual cells & tissues, which result 
in a diminished ability to respond to exogenous stimuli & 
injury & eventually, the death of cells.

 يف راص يلاع  لبج دعص صخش Vثم ينعي
 pulmonary ببسب  pressure  لاب تاريغت

edema 

 لقي  to respond exogenous stimuli  اهتيلباق حبصت ايOخ
)ءانبلا نم رثكا مدهلا( hتوربلل breakdown  ريصبو

 اهتيلباق ريغت  DNA لاو \توربلل damage ريصي نمو
فقوتب وا  ادج فيعض ريصب cell لا هذه حلصت اهنا

or cold .
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THE MORPHOLOGY OF CELL AND TISSUE 
INJURY

 All stresses & noxious influences exert their effects 
first at the molecular or biochemical level.

 Cellular function may be lost first, long before the 
cell death ,e . g myocardial cells become non-
contractile within 1-2 minutes of ischemia occurs 
which is although they do not die until 20-30 
minutes the morphological changes of cell death on 
ultrastructural level (EM) seen 2-3 hours later , 
then at light microscopy level seen after 6-12 hours 
, & finally on gross examination level, can be seen 
after 12 hours of ischemia respectively .



What is the first be lost when the cell  expose to the injury?
It is the cellular function 

 لا  harmful influence وه يأ poison وا stress ىلا ضرعتت اj ايOخلا فوشن اندب
external effect ىلع يشا لوا نوكي حر moleculer لاو bio chemical level

 myocardial cell لا  دقفن حر   myocardial ischemia لاب تلخد اذا  myocardial cell لا يشا لوا كيهل
 non contractile حبصتو

 ف  due to the ischemia in cardiac muscle  ردصلاب ملاب سحي اj صخشلا اذهل  hتقيقد وا ةقيقد لOخ
jا ىلع حوري اjخ نم اوفرعب يشا لوا ىفشتسOلا وه هل ECG   تخاو تابذبذت اوفوشبOلاب ةبيرغ  تاف ECG  

  cell death  يف لخدنب ةقيقد 30-20 دعب
 تاعاس ثOث ل hتعاس دعب ultra structral lightلاب اهتيؤر نكمي morphological changes ياهو

light microscopes لاب اهتيؤر نكمي ةعاس 12-6 دعب
ةدرجjا hعلاب اهتيؤر نكمي ةعاس 12 دعبو



 reversible لا يف اندعب نوه
 hعلاب هفوشن ردقنب ام ةعاس 12 لبق

LM

كل وحدة الها عمر مع!



The ultrastructural (EM) changes of reversible cell injury

(1)   Plasma membrane alterations such as blebbing; blunting  
or distortion of microvilli; & loosening of intercellular 
attachments 
(2) Mitochondrial changes such as swelling .
(3) Dilation of the smooth endoplasmic reticulum (ER) which is

involved in metabolism of various chemicals with
injury there is hypertrophy of ER as well as increased activity , 
later it shows detachment of ribosomes & dissociation of 
polysomes in rough ER .

(4) Nuclear clumping of chromatin .

:cell membrane لا وه irreversible لاو reversible لا hب يسيئرلا فOتخtا
 اربل  علطت ةيلخلا تانوكمو rupture ريصي اj نكل هسفن ىلع ظفاحم ىقبي reversible لا
 هحOصا نكمي t ررض ربتعي اهجOع تلواح ول ىتح تتام ايOخلا ينعي irreversible هتانعم
 irreversible ىلا reversible نم لوحتب ةدjا تلاط ول اضياو

&15



A normal cell &the changes in reversible & Norma! 
irreversible cell injury (necrosis).

 ةيثارولا ةدا0ا فثاكت

ER لاو ايردنكوتي0اب نوكب خافتن"ا

 حار لاح يف reversible وه نكل
 يعيبطلا هعضول عجرب ررضلا

Back
-

·
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Necrosis=>>>



Fig. 39 : Ultra structural view of normal microvilli mitochondria
,lysosome & intercellular junction..



Fig. 40 : Ultra structural view of reversible cell injury , showing ,distortion of 
microvilli , blebs , swollen mitochondria & nuclear chromatin clumping 
lysosomes , myelin figures .



Mitochondrial Swelling

Fig. 41 : E .M . view of reversible cell injury.

Chromtine clumping 

0



 At light microscopy, the two patterns of 
morphologic change of reversible cell injury are :

 Cellular swelling & Fatty change 
1. Cellular swelling:

Is the first manifestation of almost all forms of injury 
to cells ; it is the result of failure of energy-dependent 
ion pumps in the plasma membrane , leading to 
inability to maintain ionic & fluid homeostasis , 
resulting in the accumulation of Na & water within 
the cytoplasm .
 This pattern of non-lethal , such reversible injury is 

sometimes called Hydropic change , Vacuolar 
degeneration , or Cloudy swelling .

Ba
 defect in وه cellular swelling ببس

plasma membrane 
~ (ing)

defect in Plasma membrane



 ف ةقاط جتنت لطبت حر >جسك9ا صقن ببسب ةيلخلا هنا امب ريصي حر يللا ينعي
 مويدوصلاب ةيلخلا يلتمت حر ف cell membrane لاب تاونقلا اهدنع لطعتتح

 ريغتي حر يش9ا داهل ةجيتنو swelling ينعي ريصبف حلOا قحلت حر يOا يلاتلابو
 ببست حر يللا blebbing اهيمسنب تاعاقف هنم علطيو cell membrane لا لكش

 اي]خلا >ب attachment لا دقفنب يلاتلابو microvilli لا دقفا ينا يف
 ريصي حر ةيلخلا خافتنا عمو hypertrophy اهلريصيو عسوتت شلبت حر ER لا نيدعب

 اهنع طقاستي حر ER ىلع قصتلم يلي ribosomeلا يلاتلابلاف ) polysome( لا

 هلا راص طقف راجفن9ا ةلحرم لصو هتاسل cell membrane هنا ىسنن ام اعبط
 مكارت اهيف ريصي حر ةيلخلا ةاونو خفتنت حر ايردنكوتيملل ةبسنلاب يشا رخاو تاريغت

حضاو ادج ريصيو ةيثارولا ةداملل



 So  Hydropic degeneration is a result of ion and fluid 
homestasis that lead to an increase of intracellular water.

 GROSSLY : when all cells in an organ are affected, 
there is gross pallor , swelling, & increased weight of 
the organ.

 Microscopically : in cellular swelling, small, clear 
vacuoles may be seen within the cytoplasm; these 
represent distended & pinched off segments of 
endoplasmic reticulum (ER) .

Because of faliure of energy dependent mechanism and loss the permeability 
 swelling سدنع ريصبو هقحلت ي<او اوجNa لا لضيح ةلاحلا ياه يف اعبط

Vacuoles : بوتيسلا لخاد تاوجفلا  لخاد تاعقفUمز   

B

  لخاد fluid لا توفي شم ةيلخلا لخاد fluid لا هن!
 pinched ريصي كيه ناشع رثأتب اضيا organ لا

of segmant of ER 
 ةيلخلل اهمجح ربكتبف ةيلخلا لخاد ةوجف ببستب ف

رهجNا لMخ اهفوشنب

↳



Fig. 42 - Kidney : Gross view of Hydropic 
degeneration, the kidney is heavy swollen and pale .

اهنزو داز و يعيبطلا قوف اهمجح داز



A, Normal Kidney tubules with viable epithelium.
Early reversible ischemic injury showing surface blebs, increased

eosinophilia of cytoplasm, & swelling of occasional cells.
Necrotic epithelial cells with loss of nuclei & fragmentation of

cells & leakage of contents.

© Elsevier. Kumar et al: Robbins Basic Pathology 8e - www.studentconsult.com

Normal

Reversible 

EM لاب اهفوشنب اهلك ليصافتلا ياه

 swelling لا فوشن ردقنب LM لاب
 تانوك*او  rupture يدنع راص

 لل ةيلخلا نم تعلط اهلك
lumen  ارب 



Figure: Liver biopsy showing hydropic degeneration.
Clear watery vacuoles seen within the cytoplasm.



HYDROPIC DEGENERATION OF THE LIVER.
CLEAR WATERY VACUOLES SEEN WITHIN THE CYTOPLASM.



2.Fatty change :

Occurring in hypoxic, toxic, or metabolic injury, is 
manifested by the appearance of vacuoles in the 
cytoplasm, principally encountered in cells participating 
in fat metabolism (e.g., hepatocytes (liver) & myocardial 
cells ( Heart).
Grossly :

In fatty change affecting the liver , it is usually 
enlarged , heavy may weigh 3-6 kilograms (Normal 
weight 1.5 Kg) and tends to be bright yellow , soft , and 
greasy organ .

Fatty change is also reversible.

 swelling of fatty content  يف ريصي حر نوه

Lack of oxygen ةماس ةدا< ضرعتلا 
 triglyceride وا لورتسيلوكلا
دبكلا يف نوهدلا تاعمجت لثم

ا)لمس دهني



Microscopically :
 The hepatocytes contain minute membrane-bound 

inclusions (liposomes) closely applied to 
endoplasmic reticulum called microvesicular , 
gradually with further fat deposition these 
vacuoles fuse to produce a single large vacuole 
filling the cytoplasm and pushing the nucleus to 
the periphery of the cells so called signet ring 
appearance .

 As in conditions of starvation & also seen in 
alcoholic or viral hepatitis ,or other diseases .

 لا اهيف عمجتبو endoplasmic reticulum لا يف ةقزلم نوكتب microvesicular لا اسه
fat لمعت ريصتبو اهضعب عم دحتت ريصتب تقولا عم    Single large vacuole ابوTرارمتس 
 ريصتح ةاونلا هنT ةبوطخلا متاخ لكش هبشت ريصتبو اربل ةاونلا عفدتب ةلصيوح دعب ةلصيوح

   ةيفرط

 ةينهدلا ةيلخلا لخاد  نوهدلا نم ةنوكم ةريغص تاعاقف



Fatty change: liver. The patient was chronic alcoholic.
The presence of large quantities of neutral fat within the liver 

cells result in a uniform yellow appearance of the liver section.

5-4 Fatty change: liver

position of the   fat inside hepatocytes  ببسب yellow ل نوللا ريغت



Hyper lipidemia

ةيومدلا ةيعو0اب بسرتي لورتسيلوكلا

 نوهدلا 9مسلا صخشلا
 liver لاب هدنع بسرتتب



Fig. 46 : Microscopic view of liver showing fatty change. 
Small & large cytoplasmic vacuoles pushing nucleous to the 
periphery .

 حر ضعب عم دحتت ا<
 ىلع ةاونلا عفدت

 فارط0ا

Micro vesicular 





Irreversible cell injury( NECROSIS )
 Necrosis refers to a series of changes that accompany 

cell death in living tissue .
 These changes resulting from the degradative action 

of enzymes on lethally injured cells derived either 
from the :

(1)    lysosomes of the dying cells themselves , or from the
(2)    lysosomes of the leukocytes (WBCs) that are 
recruited as part of the inflammatory reaction to the 
dead cells .

  ىلا ةللحEا تاميزن@ا  جرختف  rupture in the lysosome يدنع  ريصب necrosis ةلاحل ةيلخلا لصوت امل
  damage لمعتبو مزHبوتياسلا

 لا هسفن وه reversible لا ببسلا نكمم
irreversible لا نكل time persistent نم اهلوح 

reversible ىلا irreversible 

Is the response of the body for this necrosis 



 Necrotic cells are unable to maintain membrane integrity & the 
subsequent leakage of intracellular proteins through the damaged 
cell membrane, into the circulation provides a means of 
detecting tissue-specific necrosis using blood or serum samples.
Example:

 In myocardial infarction (M.I) the serum contains a 
unique isoform of the enzyme creatine kinases & of 
the contractile protein troponin , which are released 
from necrotic myocytes .

 These leakage processes require hours to develop .
 While in hepatitis i.e. inflammation of liver the 

enzymes alkaline phosphatase , and transaminases 
(GPT and GOT) increase in the serum after necrosis 
of the hepatocytes (liver cells ) .



loss هلراص integrity of the cell لا يلاتلابو   rupture of the membrane اهيف راص هن@

 circulation of the ىلا troponin و  CK لثم تاميزن@ا ضعب برست ببسب   مدلاب ةنيعم تاميزنا ديزت حر MI ةلاح يف Hثم ينعي
blood 

    

serum leve لا قيرط نع نوكب هديدحتو    

 و alkaline phosphate لثم يدنع ديزت حر وضرب ةنيعم تاميزنا يف hepatitis ةلاح يف
GOT لاو GPT

ددحم يشا ىلع رصتقنب ام ةريثك بابسا يف ينعي @ وا يسوريف ضرEا ببس نوكي نكمم



 By EM irreversible cell injury i.e. necrotic cells are 
characterized by :

(1) Lysosomes rupture .
(2) Fragmentation of plasma & organelle membranes .
(3) The cytoplasm may contains phospholipids & the

appearance of phospholipids-rich amorphous densities
derived from damaged cellular membranes , called Myelin  
figures .

(4) Nuclear condensation or dissolution .

(5) Endoplasmic Reticulum swelling with loss of ribosomes
(6) Mitochondrial dilatation with the appearance of large

amorphous densities . : ىلو@ا ةطقنلا 
 عات content لا هنا reversible لا ةلاح يف ظحBنب
 تاخافتنا يف نوكي ناك نكل هسفن ىلع ظفاحي ناك ةيلخلا
 reversible يف نكل ER لاو mitochondria يف سب

 rupture يف راص

 

 fragmation اهيف راص membraneلا لك

 plasma organells تكت لمعب يلاتلابوBت   
 membrane لاب fragmation يف ريصي حر




