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InflammationInflammation  
 InflammationInflammation  isis  thethe  responseresponse  ofof  livingliving  tissuetissue  toto  

damagedamage..  TheThe  acuteacute  inflammatoryinflammatory  responseresponse  hashas  
33  mainmain  functionsfunctions..    

 TheThe  affectedaffected  areaarea  isis  occupiedoccupied  byby  aa  transienttransient  
materialmaterial  calledcalled  thethe  acuteacute  inflammatoryinflammatory  exudateexudate..  
TheThe  exudateexudate  carriescarries  proteins,proteins,  fluidfluid  andand  cellscells  fromfrom  
locallocal  bloodblood  vesselsvessels  intointo  thethe  damageddamaged  areaarea  toto  
mediatemediate  locallocal  defensesdefenses..    

 IfIf  anan  infectiveinfective  causitivecausitive  agentagent  (e(e..gg..  bacteria)bacteria)  isis  
presentpresent  inin  thethe  damageddamaged  area,area,  itit  cancan  bebe  
destroyeddestroyed  andand  eliminatedeliminated  byby  componentscomponents  ofof  thethe  
exudateexudate..    

 TheThe  damageddamaged  tissuetissue  cancan  bebe  brokenbroken  downdown  andand  
partialypartialy  liquefied,liquefied,  andand  thethe  debrisdebris  removedremoved  fromfrom  
thethe  sitesite  ofof  damagedamage..    



EtiologyEtiology  
 TheThe  causecause  ofof  acuteacute  inflammationinflammation  maymay  bebe  

duedue  toto  physicalphysical  damage,damage,  chemicalchemical  
substances,substances,  micromicro--organismsorganisms  oror  otherother  
agentsagents..    

 TheThe  inflammatoryinflammatory  responseresponse  consistconsistss  ofof  
changeschanges  inin  bloodblood  flow,flow,  increasedincreased  
permeabilitypermeability  ofof  bloodblood  vesselsvessels  andand  escapeescape  
ofof  cellscells  fromfrom  thethe  bloodblood  intointo  thethe  tissuestissues..  
TheThe  changeschanges  areare  essentiallyessentially  thethe  samesame  
whateverwhatever  thethe  causecause  andand  whereverwherever  thethe  sitesite..    

 AcuteAcute  inflammationinflammation  isis  shortshort--lasting,lasting,  lastinglasting  
onlyonly  aa  fewfew  daysdays..    



InflammationInflammation  
 InIn  allall  thesethese  situations,situations,  thethe  inflammatoryinflammatory  

stimulusstimulus  willwill  bebe  metmet  byby  aa  seriesseries  ofof  changeschanges  inin  

thethe  humanhuman  bodybody;;  itit  willwill  induceinduce  productionproduction  ofof  

certaincertain  cytokinescytokines  andand  hormoneshormones  whichwhich  inin  turnturn  

willwill  regulateregulate  haematopoiesis,haematopoiesis,  proteinprotein  

synthesissynthesis  andand  metabolismmetabolism..  

 MostMost  inflammatoryinflammatory  stimulistimuli  areare  controlledcontrolled  byby  aa  

normalnormal  immuneimmune  systemsystem..  TheThe  humanhuman  immuneimmune  

systemsystem  isis  divideddivided  intointo  twotwo  partsparts  whichwhich  

constantlyconstantly  andand  closelyclosely  collaboratecollaborate  --  thethe  innateinnate  

andand  thethe  adaptiveadaptive  immuneimmune  systemsystem..    



InflammationInflammation  

 TheThe  innateinnate  systemsystem  reactsreacts  promptlypromptly  withoutwithout  
specificityspecificity  andand  memorymemory..  PhagocyticPhagocytic  cellscells  areare  
importantimportant  contributorscontributors  inin  innateinnate  reactivityreactivity  
togethertogether  withwith  enzymesenzymes,,  complementcomplement  activationactivation  
andand  acuteacute  phasephase  proteinsproteins..    

 WhenWhen  phagocyticphagocytic  cellscells  areare  activated,activated,  thethe  
synthesissynthesis  ofof  differentdifferent  cytokinescytokines  isis  triggeredtriggered..  
TheseThese  cytokinescytokines  areare  notnot  onlyonly  importantimportant  inin  
regulationregulation  ofof  thethe  innateinnate  reaction,reaction,  butbut  alsoalso  forfor  
inductioninduction  ofof  thethe  adaptiveadaptive  immuneimmune  systemsystem..  
There,There,  specificityspecificity  andand  memorymemory  areare  thethe  twotwo  mainmain  
characteristicscharacteristics..    



InflammationInflammation  

 InIn  orderorder  toto  induceinduce  aa  strongstrong  adaptiveadaptive  immuneimmune  
responseresponse,,  somesome  lymphocyteslymphocytes  mustmust  havehave  beenbeen  
educatededucated  toto  recogniserecognise  thethe  specificspecific  antigenantigen  onon  
thethe  antigenantigen--presentingpresenting  cellcell  (APC)(APC)  inin  contextcontext  ofof  
selfself  majormajor  histocompatibilityhistocompatibility  moleculesmolecules..  TheThe  
initialinitial  recognitionrecognition  willwill  mediatemediate  aa  cellularcellular  immuneimmune  
reaction,reaction,  productionproduction  ofof  antigenantigen--specificspecific  
antibodiesantibodies  oror  aa  combinationcombination  ofof  bothboth..  SomeSome  ofof  
thethe  cellscells  whichwhich  havehave  beenbeen  educatededucated  toto  
recogniserecognise  aa  specificspecific  antigenantigen  willwill  survivesurvive  forfor  aa  
longlong  timetime  withwith  thethe  memorymemory  ofof  thethe  specificspecific  
antigenantigen  intact,intact,  renderingrendering  thethe  hosthost  "immune""immune"  toto  
thethe  antigenantigen..  



Differences between innate (nonDifferences between innate (non--specific)  and specific specific)  and specific 

(adaptive) immunologic reaction of organism(adaptive) immunologic reaction of organism    

 NonNon--specific Immunityspecific Immunity  

  

 Response is Response is antigenantigen--
independentindependent  

  

 There is There is immediateimmediate  
maximal responsemaximal response  

  

 Not antigenNot antigen--specificspecific  

  

 Exposure results in Exposure results in no no 
immunologic memoryimmunologic memory  

 Specific ImmunitySpecific Immunity  

  

 Response is Response is antigenantigen--
dependentdependent  

  

 There is a There is a lag timelag time  
between exposure and between exposure and 
maximal responsemaximal response  

  

 AntigenAntigen--specificspecific  

  

 Exposure results in Exposure results in 
immunologic memoryimmunologic memory  

  



SystSystemic emic   manifestamanifestation of tion of 

inflammationinflammation  

 1. 1. Increase of body temperature Increase of body temperature 

(fever)(fever)  

2. 2. Acute phase reactionAcute phase reaction  



Systemic effects of acute inflammationSystemic effects of acute inflammation    

 PyrexiaPyrexia  

        Polymorphs and macrophages produce compounds known as Polymorphs and macrophages produce compounds known as 
endogenous pyrogensendogenous pyrogens  which act on the hypothalamus to set which act on the hypothalamus to set 
the thermoregulatory mechanisms at a higher temperature. the thermoregulatory mechanisms at a higher temperature. 
Release of endogenous pyrogen is stimulated by phagocytosis, Release of endogenous pyrogen is stimulated by phagocytosis, 
endotoxins and immune complexes.endotoxins and immune complexes.  

 Constitutional symptomsConstitutional symptoms  

        Constitutional symptoms include Constitutional symptoms include malaise, anorexia and nauseamalaise, anorexia and nausea. . 
Weight lossWeight loss  is common when there is extensive chronic is common when there is extensive chronic 
inflammation. inflammation.   

 Local or systemic Iymph node enlargementLocal or systemic Iymph node enlargement  commonly commonly 
accompanies inflammation, while splenomegaly is found in accompanies inflammation, while splenomegaly is found in 
certain specific infections (e.g. malaria, infectious certain specific infections (e.g. malaria, infectious 
mononucleosis).mononucleosis).  



Systemic effects of acute Systemic effects of acute 

inflammation inflammation   
 HaematologicalHaematological  changeschanges  

 IncreasedIncreased  erythrocyteerythrocyte  sedimentationsedimentation  raterate..  AnAn  increasedincreased  erythrocyteerythrocyte  
sedimentationsedimentation  raterate  isis  aa  nonnon--specificspecific  findingfinding  inin  manymany  typestypes  ofof  inflammationinflammation..  

 LeukocytosisLeukocytosis..  NeutrophiliaNeutrophilia  occursoccurs  inin  pyogenicpyogenic  infectionsinfections  andand  tissuetissue  
destructiondestruction;;  eosinophiliaeosinophilia  inin  allergicallergic  disordersdisorders  andand  parasiticparasitic  infectioninfection;;  
IymphocytosisIymphocytosis  inin  chronicchronic  infectioninfection  (e(e  ..gg..  tuberculosis),tuberculosis),  manymany  viralviral  infectionsinfections  
andand  inin  whoopingwhooping  coughcough;;  andand  monocytosismonocytosis  occursoccurs  inin  infectiousinfectious  
mononucleosismononucleosis  andand  certaincertain  bacterialbacterial  infectionsinfections  (e(e..gg..  tuberculosis,tuberculosis,  typhoid)typhoid)..  
AnaemiaAnaemia..  ThisThis  maymay  resultresult  fromfrom  bloodblood--lossloss  inin  thethe  inflammatoryinflammatory  exudateexudate  (e(e..gg..  
inin  ulcerativeulcerative  colitis),colitis),  haemolysishaemolysis  (due(due  toto  bacterialbacterial  toxins),toxins),  andand  'the'the  anaemiaanaemia  
ofof  chronicchronic  disorders'disorders'  duedue  toto  toxictoxic  depressiondepression  ofof  thethe  bonebone  marrowmarrow..    

 AmyloidosisAmyloidosis  

 LongstandingLongstanding  chronicchronic  inflammationinflammation  (for(for  example,example,  inin  rheumatoidrheumatoid  arthritis,arthritis,  
tuberculosistuberculosis  andand  bronchiectasis),bronchiectasis),  byby  elevatingelevating  serumserum  amyloidamyloid  AA  proteinprotein  
(SAA),(SAA),  maymay  causecause  amyloidamyloid  toto  bebe  depositeddeposited  inin  variousvarious  tissuestissues  resultingresulting  inin  
secondarysecondary  (reactive)(reactive)  amyloidosisamyloidosis  



Macroscopic appearance of Macroscopic appearance of   

acute inflammationacute inflammation    
 The cardinal signs of acute inflammation are modified The cardinal signs of acute inflammation are modified 

according to the tissue involved and the type of agent according to the tissue involved and the type of agent 
provoking the inflammation. Several descriptive terms provoking the inflammation. Several descriptive terms 
are used for the appearances. are used for the appearances.   

 Serous inflammationSerous inflammation. .   

 Catarrhal inflammationCatarrhal inflammation  

 Fibrinous inflammationFibrinous inflammation  

 Haemorrhagic inflammationHaemorrhagic inflammation  

 Suppurative (purulent) inflammationSuppurative (purulent) inflammation  

 Membranous inflammationMembranous inflammation  

 Pseudomembranous inflammationPseudomembranous inflammation  

 Necrotising (gangrenous) inflammationNecrotising (gangrenous) inflammation..  



    

 can be caused by microbial agents such can be caused by microbial agents such 
as as   

 viruses, bacteria, fungi and parasites viruses, bacteria, fungi and parasites   

 by nonby non--infectious inflammatory stimuli, as infectious inflammatory stimuli, as 
in rheumatoid arthritis and graftin rheumatoid arthritis and graft--versusversus--
host diseasehost disease  

 by tissue necrosis as in cancerby tissue necrosis as in cancer  

 by burns and toxic influences caused by by burns and toxic influences caused by 
drugs or radiation drugs or radiation   

Acute inflammationAcute inflammation  



Early Stages of Acute InflammationEarly Stages of Acute Inflammation  
  

The acute inflammatory response The acute inflammatory response 
involves three processes:involves three processes:  

 changeschanges  inin  vesselvessel  calibrecalibre  and,and,  
consequently,consequently,  flowflow    

 increasedincreased  vascularvascular  permeabilitypermeability  andand  
formationformation  ofof  thethe  fluidfluid  exudateexudate    

 formationformation  ofof  thethe  cellularcellular  exudateexudate  byby  
emigrationemigration  ofof  thethe  neutrophilneutrophil  
polymorphspolymorphs  intointo  thethe  extravascularextravascular  
spacespace..    



Early Stages of Acute InflammationEarly Stages of Acute Inflammation    

TThe steps involved in he steps involved in thethe  acute inflammatory response are:acute inflammatory response are:  

 Small blood vessels adjacent to the area of tissue Small blood vessels adjacent to the area of tissue 
damage initially become damage initially become dilateddilated  with increased blood with increased blood 
flow, then flow along them slows down. flow, then flow along them slows down.   

 Endothelial cells Endothelial cells swellswell  and partially and partially retractretract  so that they so that they 
no longer form a completely intact internal lining. no longer form a completely intact internal lining.   

 The vessels become The vessels become leaky,leaky,  permitting the passage of permitting the passage of 
water, salts, and some small proteins from the plasma water, salts, and some small proteins from the plasma 
into the damaged area into the damaged area (exudation).(exudation).  One of the main One of the main 
proteins to leak out is the small soluble molecule, proteins to leak out is the small soluble molecule, 
fibrinogen. fibrinogen.   

 CirculatiCirculatingng  neutrophil polymorphs initially adhere to the neutrophil polymorphs initially adhere to the 
swollen endothelial cells (swollen endothelial cells (marginationmargination), then actively ), then actively 
migrate through the vessel basement membrane migrate through the vessel basement membrane 
((emigrationemigration),),  passing into the area of tissue damage. passing into the area of tissue damage.   

 Later, small numbers of blood monocytes Later, small numbers of blood monocytes 
(macrophages) migrate in a similar way, as do (macrophages) migrate in a similar way, as do 
Iymphocytes. Iymphocytes.   

  

http://medweb.bham.ac.uk/http/mod/3/1/a/margination.html
http://medweb.bham.ac.uk/http/mod/3/1/a/emigration.html


The acute phase reactionThe acute phase reaction  
 InIn  thethe  acuteacute  phasephase  reaction,reaction,  severalseveral  biochemical,biochemical,  

metabolic,metabolic,  hormonalhormonal  andand  cellularcellular  changeschanges  taketake  
placeplace  inin  orderorder  toto  fightfight  thethe  stimulusstimulus  andand  rere--establishestablish  
aa  normalnormal  functionalfunctional  statestate  inin  thethe  bodybody..    

 AnAn  increaseincrease  inin  thethe  numbernumber  ofof  granulocytesgranulocytes  willwill  
increaseincrease  thethe  phagocytoticphagocytotic  capacitycapacity,,  anan  increaseincrease  inin  
scavengersscavengers  willwill  potentiatepotentiate  thethe  capabilitycapability  toto  
neutraliseneutralise  freefree  oxygenoxygen  radicals,radicals,  andand  anan  increaseincrease  inin  
metabolicmetabolic  raterate  willwill  increaseincrease  thethe  energyenergy  availableavailable  forfor  
cellularcellular  activities,activities,  despitedespite  aa  reducedreduced  foodfood  intakeintake..    

 SomeSome  ofof  thesethese  changeschanges  cancan  explainexplain  thethe  symptomssymptoms  
ofof  anan  acuteacute  phasephase  reaction,reaction,  whichwhich  areare  typicallytypically  
fever,fever,  tiredness,tiredness,  lossloss  ofof  appetiteappetite  andand  generalgeneral  
sickness,sickness,  inin  additionaddition  toto  locallocal  symptomssymptoms  fromfrom  thethe  
inducerinducer  ofof  thethe  acuteacute  phasephase..  

  



  General and local clinical symptoms of the General and local clinical symptoms of the 

acute phase reactionacute phase reaction    

General symptoms Local symptoms 

fever  calor 

increased heart rate  rubor 

hyperventilation  dolor 

tiredness tumor 

loss of appetite functio laesa 



Biochemistry and physiology of the Biochemistry and physiology of the 

acute phase reactionacute phase reaction  

 TheThe  acuteacute  phasephase  reactionreaction  isis  thethe  body'sbody's  firstfirst--lineline  
inflammatoryinflammatory  defencedefence  system,system,  functioningfunctioning  withoutwithout  
specificityspecificity  andand  memory,memory,  andand  inin  frontfront  of,of,  andand  inin  
parallelparallel  with,with,  thethe  adaptiveadaptive  immuneimmune  systemsystem..    

 CRPCRP  isis  aa  majormajor  acuteacute  phasephase  proteinprotein  actingacting  mainlymainly  
throughthrough  CaCa22++--dependentdependent  bindingbinding  to,to,  andand  clearanceclearance  
of,of,  differentdifferent  targettarget  moleculesmolecules  inin  microbes,microbes,  cellcell  debrisdebris  
andand  cellcell  nuclearnuclear  materialmaterial..    

 InIn  anan  acuteacute  phasephase  reactionreaction  therethere  maymay  bebe  aa  moremore  
thanthan  10001000--foldfold  increaseincrease  inin  thethe  serumserum  concentrationconcentration  
ofof  CRPCRP..  CRPCRP  isis  regardedregarded  asas  anan  importantimportant  membermember  
ofof  thethe  familyfamily  ofof  acuteacute  phasephase  proteins,proteins,  havinghaving  
evolvedevolved  almostalmost  unchangedunchanged  fromfrom  primitiveprimitive  toto  
advancedadvanced  speciesspecies..      

   



Changes compared with Changes compared with 

normal statenormal state  
IncreaseIncrease  DecreaseDecrease  

CellularCellular              phagocytotic cells phagocytotic cells   

(in circulation and at (in circulation and at 

the site of the site of 

inflammation)inflammation)  

        erythrocyteserythrocytes  

MetabolicMetabolic            acute phase proteins acute phase proteins   

serum Cuserum Cu  

protein catabolismprotein catabolism  

gluconeogenesisgluconeogenesis  

          serum Feserum Fe  

serum Znserum Zn  

albumin synthesis albumin synthesis 

transthyretintransthyretin  

transferrintransferrin  

EndocrinologicalEndocrinological            glucagonglucagon  

insulin insulin   

ACTHACTH  

GHGH  

T4T4  

cortisolcortisol  

aldosteronealdosterone  

vasopressinvasopressin  

          T3T3  

TSHTSH  



The acute phase proteinsThe acute phase proteins  

 InductionInduction  ofof  thethe  acuteacute  phasephase  reactionreaction  meansmeans  

changeschanges  inin  thethe  synthesissynthesis  ofof  manymany  proteinsproteins  

whichwhich  cancan  bebe  measuredmeasured  inin  plasmaplasma..    

 RegulationRegulation  ofof  proteinprotein  synthesissynthesis  takestakes  placeplace  atat  

thethe  levellevel  ofof  bothboth  transcriptiontranscription  (DNA,(DNA,  RNA)RNA)  andand  

translationtranslation  toto  proteinprotein..    

 TheThe  cellscells  havehave  intricateintricate  systemssystems  forfor  upup--  andand  

downdown--regulationregulation  ofof  proteinprotein  synthesis,synthesis,  initiatedinitiated  

byby  aa  complexcomplex  systemsystem  ofof  signalssignals  inducedinduced  inin  thethe  

acuteacute  phasephase  reactionreaction..    

  



The acute phase proteinsThe acute phase proteins  
  

      MostMost  ofof  thethe  proteinsproteins  withwith  increasedincreased  serumserum  
concentrationsconcentrations  havehave  functionsfunctions  whichwhich  areare  easilyeasily  
relatedrelated    

toto  limitinglimiting  thethe  negativenegative  effectseffects  ofof  thethe  acuteacute  phasephase  
stimulusstimulus  oror    

toto  thethe  repairrepair  ofof  inflammatoryinflammatory  inducedinduced  damagedamage..  
ExamplesExamples  areare  enzymeenzyme  inhibitorsinhibitors  limitinglimiting  thethe  
negativenegative  effecteffect  ofof  enzymesenzymes  releasedreleased  fromfrom  
neutrophils,neutrophils,  scavengersscavengers  ofof  freefree  oxygenoxygen  radicals,radicals,  
increaseincrease  inin  somesome  transporttransport  proteinsproteins  andand  increasedincreased  
synthesissynthesis  andand  activityactivity  ofof  thethe  cascadecascade  proteinsproteins  suchsuch  
asas  coagulationcoagulation  andand  complementcomplement  factorsfactors..  TheThe  
synthesissynthesis  maymay  bebe  upregulatedupregulated  eveneven  ifif  plasmaplasma  levelslevels  
areare  normal,normal,  duedue  toto  increasedincreased  consumptionconsumption  ofof  acuteacute  
phasephase  proteinsproteins..  

  



Function Acute phase protein Increase up to 

Protease inhibitors " 1-antitrypsin 

"1-antichymotrypsin 

    4 fold 

    6 fold  

Coagulation proteins      fibrinogen  

prothrombin 

factor VIII 

plasminogen 

    8 fold 

Complement factors      C1s  

C2b 

C3, C4, C5 

C9 

C5b 

     2 fold 

Transport proteins      haptoglobin  

haemopexin  

ferritin  

     8 fold 

2 fold 

4 fold 

Scavenger proteins     ceruloplasmin      4 fold 

Miscellaneous "1-acid glycoprotein 

(orosomucoid) 

serum amyloid A 

protein  

C-reactive protein  

     4 fold 

1000 fold 

1000 



CC--reactive proteinreactive protein--sstructure and tructure and 

functionfunction  

  
 CRPCRP  isis  aa  cycliccyclic  pentamerpentamer  

composedcomposed  ofof  fivefive  nonnon--
covalentlycovalently  bound,bound,  identicalidentical  2323..55  
kDakDa  subunitssubunits..    

 TheThe  mainmain  functionfunction  ofof  thisthis  
pentamerpentamer  isis  relatedrelated  toto  thethe  abilityability  
toto  bindbind  biologicallybiologically  significantsignificant  
ligandsligands  inin  vivovivo..    

 CRPCRP  isis  foundfound  inin  primitiveprimitive  
speciesspecies  likelike  thethe  horsehorse--shoeshoe  
crab,crab,  andand  evolutionaryevolutionary  
maintainedmaintained  withwith  fewfew  structuralstructural  
changeschanges  inin  higherhigher  vertebratesvertebrates  
likelike  manman..  ThisThis  maymay  indicateindicate  thatthat  
CRPCRP  hashas  anan  importantimportant  functionfunction  
inin  thethe  hosthost  defencedefence  systemsystem..    

  

 

 



Induction and synthesis of CRP in hepatocytes. 



CRP functionsCRP functions  
 MostMost  functionsfunctions  ofof  CRPCRP  areare  easilyeasily  understoodunderstood  inin  thethe  contextcontext  ofof  

thethe  body'sbody's  defencesdefences  againstagainst  infectiveinfective  agentsagents..    

 TheThe  bacteriabacteria  areare  opsonisedopsonised  byby  CRPCRP  andand  increasedincreased  
phagocytosisphagocytosis  isis  inducedinduced..    

 CRPCRP  activatesactivates  complementcomplement  withwith  thethe  splitsplit  productproduct  beingbeing  
chemotacticchemotactic,,  increasingincreasing  thethe  numbernumber  ofof  phagocytesphagocytes  atat  thethe  sitesite  
ofof  infectioninfection..  EnzymeEnzyme  inhibitorsinhibitors  protectprotect  surroundingsurrounding  tissuetissue  fromfrom  
thethe  damagedamage  ofof  enzymesenzymes  releasedreleased  fromfrom  thethe  phagocytesphagocytes..    

 CRPCRP  bindsbinds  toto  chromatinchromatin  fromfrom  deaddead  cellscells  andand  toto  cellcell  debrisdebris  
whichwhich  areare  clearedcleared  fromfrom  thethe  circulationcirculation  byby  phagocytosis,phagocytosis,  eithereither  
directlydirectly  oror  byby  bindingbinding  toto  FcFc--,,  CC33bb--  oror  CRPCRP--specificspecific  receptorsreceptors..  
PlateletPlatelet  aggregationaggregation  isis  inhibitedinhibited,,  decreasingdecreasing  thethe  possibilitypossibility  ofof  
thrombosisthrombosis..    

 CRPCRP  bindsbinds  toto  lowlow  densitydensity  lipoproteinlipoprotein  (LDL)(LDL)  andand  maymay  clearclear  
LDLLDL  fromfrom  thethe  sitesite  ofof  atheroscleroticatherosclerotic  plaquesplaques  byby  bindingbinding  toto  cellcell  
surfacesurface  receptorsreceptors  onon  phagocyticphagocytic  cellscells..  



Documented and proposed CRP functions.  



Typical changes of CRP, fibrinogen, ESR Typical changes of CRP, fibrinogen, ESR (erythrocyte (erythrocyte 

sedimentation rate)sedimentation rate) and albumin during an acute and albumin during an acute 

phasephase  reactionreaction  



Classical pathwayClassical pathway  of complement activationof complement activation  

   normally requires a suitable Ab bound to antigen (Ag), complement normally requires a suitable Ab bound to antigen (Ag), complement 
components 1, 4, 2 and 3 and Ca++ and Mg++ cations.components 1, 4, 2 and 3 and Ca++ and Mg++ cations.  
  

 CC1 activation1 activation  
Binding of C1qrs (a calciumBinding of C1qrs (a calcium--dependent complex), present in normal dependent complex), present in normal 
serum, to Agserum, to Ag--Ab complexes results in autocatalysis of C1r. The altered Ab complexes results in autocatalysis of C1r. The altered 
C1r cleaves C1s and this cleaved C1s becomes an enzyme (C4C1r cleaves C1s and this cleaved C1s becomes an enzyme (C4--C2 C2 
convertase) capable of cleaving both C4 and C2.convertase) capable of cleaving both C4 and C2.  

 C4 and C2 activation (generation of C3 convertaseC4 and C2 activation (generation of C3 convertase))  
Activated C1s enzymatically cleaves C4 into C4a and C4b. C4b binds to Activated C1s enzymatically cleaves C4 into C4a and C4b. C4b binds to 
the Agthe Ag--bearing particle or bearing particle or cell membranecell membrane  while C4a remains a biologically while C4a remains a biologically 
active peptide at the reaction site. C4b binds C2 which becomes active peptide at the reaction site. C4b binds C2 which becomes 
susceptible to C1s and is cleaved into C2a and C2b. C2a remains susceptible to C1s and is cleaved into C2a and C2b. C2a remains 
complexed with C4b whereas C2b is released in the micro environment. complexed with C4b whereas C2b is released in the micro environment. 
C4b2a complex, is known as C3 convertase in which C2a is the enzymatic C4b2a complex, is known as C3 convertase in which C2a is the enzymatic 
moiety.moiety.  

 C3 activation (generation of C5 convertaseC3 activation (generation of C5 convertase))  
C3 convertase, in the presence of Mg++, cleaves C3 into C3a and C3b. C3 convertase, in the presence of Mg++, cleaves C3 into C3a and C3b. 
C3b binds to the membrane to form C4b2a3b complex whereas C3a C3b binds to the membrane to form C4b2a3b complex whereas C3a 
remains in the micro environment. C4b2a3b complex functions as C5 remains in the micro environment. C4b2a3b complex functions as C5 
convertase which cleaves C5 into C5a and C5b. Generation of C5 convertase which cleaves C5 into C5a and C5b. Generation of C5 
convertase marks the end of the classical pathway.convertase marks the end of the classical pathway.    



Classical pathwayClassical pathway  activationactivation  

  



Lectin pathwayLectin pathway  activationactivation  

   

C4 activation can be achieved without antibody C4 activation can be achieved without antibody 

and C1 participation by the lectin pathway. This and C1 participation by the lectin pathway. This 

pathway is initiated by three proteins: a pathway is initiated by three proteins: a mannanmannan--

binding binding lectinlectin  (MBL), also known as mannan(MBL), also known as mannan--

binding protein (MBP) which interacts with two binding protein (MBP) which interacts with two 

mannanmannan--binding binding lectinlectin--associated serine associated serine 

proteases (MASP and MADSP2proteases (MASP and MADSP2), analogous to ), analogous to 

C1r and C1s. This interaction generates a C1r and C1s. This interaction generates a 

complex analogous to C1qrs and leads to complex analogous to C1qrs and leads to 

antibody antibody --independent activation of the classical independent activation of the classical 

pathway. pathway.   

http://cancerweb.ncl.ac.uk/cgi-bin/omd?action=Search&query=mannan
http://cancerweb.ncl.ac.uk/cgi-bin/omd?query=lectin&action=Search+OMD


Lectin pathwayLectin pathway  activationactivation  



Alternative pathwayAlternative pathway  activationactivation  

   

Alternative pathway begins with the activation Alternative pathway begins with the activation 

of C3 and requires Factors B and D and Mg++ of C3 and requires Factors B and D and Mg++ 

cation, all present in normal serum. The cation, all present in normal serum. The 

alternative pathway provides a means of nonalternative pathway provides a means of non--

specific resistance against infection without the specific resistance against infection without the 

participation of antibodies and hence provides a participation of antibodies and hence provides a 

first line of defense against a number of first line of defense against a number of 

infectinfectious agentsious agents..    



Alternative pathway of complement activation 



LyticLytic    pathwaypathway  
 The lytic (membrane attack) pathway involves the C5The lytic (membrane attack) pathway involves the C5--9 9 

components. C5 convertase generated by the classical components. C5 convertase generated by the classical 
or alternative pathway cleaves C5 into C5a and C5b. or alternative pathway cleaves C5 into C5a and C5b. 
C5b binds C6 and subsequently C7 to yield a C5b binds C6 and subsequently C7 to yield a 
hydrophobic C5b67 complex which attaches quickly to hydrophobic C5b67 complex which attaches quickly to 
the plasma membranethe plasma membrane..  Subsequently, C8 binds to this Subsequently, C8 binds to this 
complex and causes the insertion of several C9 complex and causes the insertion of several C9 
molecules. bind to this complex and lead to formation of molecules. bind to this complex and lead to formation of 
a hole in the membrane resulting in cell lysis. a hole in the membrane resulting in cell lysis.   

 The lysis of target cell by C5b6789 complex is The lysis of target cell by C5b6789 complex is 
nonenzymatic and is believed to be due to a physical nonenzymatic and is believed to be due to a physical 
change in the plasma membrane. C5b67 can bind change in the plasma membrane. C5b67 can bind 
indiscriminately to any cell membrane leading to cell indiscriminately to any cell membrane leading to cell 
lysis. Such an indiscriminate damage to bylysis. Such an indiscriminate damage to by--standing standing 
cells is prevented by protein S (cells is prevented by protein S (vitronectinvitronectin) which binds ) which binds 
to C5b67 complex and blocks its indiscriminate binding to C5b67 complex and blocks its indiscriminate binding 
to cells other than the primary targetto cells other than the primary target  

  

http://cancerweb.ncl.ac.uk/cgi-bin/omd?query=vitronectin&action=Search+OMD


The lytic pathway  



Biologically active products of complement Biologically active products of complement 

activationactivation  

 Chemotactic Chemotactic ffactorsactors  
C5a and MAC (C5a and MAC (membrane attack complexmembrane attack complex  
C5b67) are both chemotactic. C5a is also a potent C5b67) are both chemotactic. C5a is also a potent 
activator of neutrophils, basophils and activator of neutrophils, basophils and 
macrophages and causes induction of adhesion macrophages and causes induction of adhesion 
molecules on vascular endothelial cells.molecules on vascular endothelial cells.  

 OpsoninsOpsonins  
C3b and C4b in the surface of microorganisms C3b and C4b in the surface of microorganisms 
attach to Cattach to C--receptor (CR1) on phagocytic cells and receptor (CR1) on phagocytic cells and 
promote phagocytosis.promote phagocytosis.  

 Other Other bbiologically active products of C activationiologically active products of C activation  
Degradation products of C3 (iC3b, C3d and C3e) Degradation products of C3 (iC3b, C3d and C3e) 
also bind to different cells by distinct receptors also bind to different cells by distinct receptors 
and modulate theirand modulate their  function.function.  



Biologically active products of complement Biologically active products of complement 

activationactivation  
 Activation Activation of complement results in the of complement results in the 

production of several biologically active production of several biologically active 
molecules which contribute to resistance, molecules which contribute to resistance, 
anaphylaxisanaphylaxis  and inflammation.and inflammation.  

 KininKinin  productionproduction  
C2b generated during the classical pathway C2b generated during the classical pathway 
of C activation is a prokinin which becomes of C activation is a prokinin which becomes 
biologically active following enzymatic biologically active following enzymatic 
alteration by plasmin. alteration by plasmin.   

 AnaphylotoxinsAnaphylotoxins  
C4a, C3a and C5a (in increasing order of C4a, C3a and C5a (in increasing order of 
activity) are all activity) are all ananaphylotoxins which cause aphylotoxins which cause 
basophil/mast cell degranulation and smooth basophil/mast cell degranulation and smooth 
muscle contraction. muscle contraction.   

http://cancerweb.ncl.ac.uk/cgi-bin/omd?query=anaphylaxis&action=Search+OMD
http://cancerweb.ncl.ac.uk/cgi-bin/omd?query=kinins&action=Search+OMD


ChemotaxChemotaxisis  

 isis  directeddirected  movementmovement  ofof  cellscells  inin  concentrationconcentration  

gradientgradient  ofof  solublesoluble  extracellularextracellular  componentscomponents..  

 ChemotaChemotaxisxis  fafactorsctors,,  chemotaxinchemotaxinss  oror    

chemoatchemoatttraractantsctants    

 PoPositivesitive  chemotaxchemotaxisis  ==  cellscells  movemove  dodo  thethe  placesplaces  

withwith  higherhigher  concentrationsconcentrations  ofof  chemotacticchemotactic  factorsfactors..  

 NegativNegativee  chemotaxchemotaxisis  ==  cellscells  movemove  fromfrom  thethe  

placesplaces  withwith  higherhigher  conentrationsconentrations  ofof  chemotactiocchemotactioc  

factorsfactors  

 ChemoinvasionChemoinvasion  ==  cellscells  movemove  throughthrough  basalbasal  

membranemembrane    

  



CytokinesCytokines  

 The term The term cytokine cytokine is used as a generic name is used as a generic name 

for a diverse group of soluble proteins and for a diverse group of soluble proteins and 

peptides which act as humoral regulators at peptides which act as humoral regulators at 

nanonano--  to picomolar concentrations and which, to picomolar concentrations and which, 

either under normal or pathological conditions, either under normal or pathological conditions, 

modulate the functional activities of individual modulate the functional activities of individual 

cells and tissues. These proteins also mediate cells and tissues. These proteins also mediate 

interactions between cells directly and regulate interactions between cells directly and regulate 

processes taking place in the extracellular processes taking place in the extracellular 

environment.environment.  



Cytokine networkCytokine network  
  

 This term essentially refers to the extremely complex This term essentially refers to the extremely complex 
interactions of interactions of cytokines cytokines by which they induce or by which they induce or 
suppress their own synthesis or that of other suppress their own synthesis or that of other cytokines cytokines or or 
their receptors, and antagonize or synergise with each their receptors, and antagonize or synergise with each 
other in many different and often redundant ways. other in many different and often redundant ways.   

 These interactions often resemble These interactions often resemble Cytokine cascades Cytokine cascades 
with one cytokine initially triggering the expression of one with one cytokine initially triggering the expression of one 
or more other or more other cytokines cytokines that, in turn, trigger the that, in turn, trigger the 
expression of further factors and create complicated expression of further factors and create complicated 
feedback regulatory circuits.feedback regulatory circuits.  

 Mutually interdependent pleiotropic Mutually interdependent pleiotropic cytokines cytokines usually usually 
interact with a variety of cells, tissues and organs and interact with a variety of cells, tissues and organs and 
produce various regulatory effects, both local and produce various regulatory effects, both local and 
systemic. systemic.   

http://www.copewithcytokines.de/cope.cgi?002632
http://www.copewithcytokines.de/cope.cgi?002632
http://www.copewithcytokines.de/cope.cgi?002567
http://www.copewithcytokines.de/cope.cgi?002632
http://www.copewithcytokines.de/cope.cgi?002632




CytokinesCytokines  
 InIn  manymany  respectsrespects  thethe  biologicalbiological  activitiesactivities  ofof  cytokinescytokines  

resembleresemble  thosethose  ofof  classicalclassical  hormoneshormones  producedproduced  inin  
specializedspecialized  glandularglandular  tissuestissues..  SomeSome  cytokinescytokines  alsoalso  behavebehave  
likelike  classicalclassical  hormoneshormones  inin  thatthat  theythey  actact  atat  aa  systemicsystemic  level,level,  
affecting,affecting,  forfor  example,example,  biologicalbiological  phenomenaphenomena  suchsuch  asas  
inflammationinflammation  ,,  systemicsystemic  inflammatoryinflammatory  responseresponse  syndromesyndrome  ,,  
andand  acuteacute  phasephase  reactionreaction  ,,  woundwound  healinghealing  ,,  andand  thethe  
neuroimmuneneuroimmune  networknetwork  ..    

 InIn  general,general,  cytokinescytokines  actact  onon  aa  widerwider  spectrumspectrum  ofof  targettarget  cellscells  
thanthan  hormoneshormones..  PerhapsPerhaps  thethe  majormajor  featurefeature  distinguishingdistinguishing  
cytokinescytokines  fromfrom  mediatorsmediators  regardedregarded  generallygenerally  asas  hormoneshormones  isis  
thethe  factfact  that,that,  unlikeunlike  hormones,hormones,  cytokinescytokines  areare  notnot  producedproduced  
byby  specializedspecialized  cellscells  whichwhich  areare  organizedorganized  inin  specializedspecialized  
glands,glands,  ii..  ee..  therethere  isis  notnot  aa  singlesingle  organorgan  sourcesource  forfor  thesethese  
mediatorsmediators..    

 TheThe  factfact  thatthat  cytokinescytokines  areare  secretedsecreted  proteinsproteins  alsoalso  meansmeans  
thatthat  thethe  sitessites  ofof  theirtheir  expressionexpression  doesdoes  notnot  necessarilynecessarily  predictpredict  
thethe  sitessites  atat  whichwhich  theythey  exertexert  theirtheir  biologicalbiological  functionfunction..    

http://www.copewithcytokines.de/cope.cgi?005231
http://www.copewithcytokines.de/cope.cgi?005231
http://www.copewithcytokines.de/cope.cgi?009015
http://www.copewithcytokines.de/cope.cgi?009015
http://www.copewithcytokines.de/cope.cgi?009015
http://www.copewithcytokines.de/cope.cgi?009015
http://www.copewithcytokines.de/cope.cgi?009015
http://www.copewithcytokines.de/cope.cgi?009015
http://www.copewithcytokines.de/cope.cgi?009015
http://www.copewithcytokines.de/cope.cgi?009015
http://www.copewithcytokines.de/cope.cgi?000229
http://www.copewithcytokines.de/cope.cgi?000229
http://www.copewithcytokines.de/cope.cgi?000229
http://www.copewithcytokines.de/cope.cgi?000229
http://www.copewithcytokines.de/cope.cgi?000229
http://www.copewithcytokines.de/cope.cgi?000229
http://www.copewithcytokines.de/cope.cgi?010159
http://www.copewithcytokines.de/cope.cgi?010159
http://www.copewithcytokines.de/cope.cgi?010159
http://www.copewithcytokines.de/cope.cgi?010159
http://www.copewithcytokines.de/cope.cgi?006975
http://www.copewithcytokines.de/cope.cgi?006975
http://www.copewithcytokines.de/cope.cgi?006975
http://www.copewithcytokines.de/cope.cgi?006975


Subpopulations of helper Subpopulations of helper TT  cells: cells: TTh1 h1 

and and TTh2h2  

  

 When a naive CD4+ T cell (ThWhen a naive CD4+ T cell (Th00  cell) cell) 

responds to antigen in secondary responds to antigen in secondary 

lymphoid tissues, it is capable of lymphoid tissues, it is capable of 

differentiating into an inflammatory Th1 differentiating into an inflammatory Th1 

cell or a helper Th2 cell, which release cell or a helper Th2 cell, which release 

distinctive patterns of cytokines.distinctive patterns of cytokines.  

 Functionally these subpopulations, when Functionally these subpopulations, when 

activated, affect different cellsactivated, affect different cells..  

  



Th1/Th2 cytokinTh1/Th2 cytokineses  

 ThTh--11  (=cytokin(=cytokineses  typetype  11))  aandnd  ThTh--22  

(cytokin(cytokineses  typtypee  22))  areare  secretedsecreted  byby  

differentdifferent  subpopulationssubpopulations  ofof  TT--

lymlymphocytesphocytes,,  monocytmonocyteses,,  naturalnatural  killerskillers,,  

BB--lymphocytes,lymphocytes,  eosinophileseosinophiles,,  

babassoophilesphiles,,  mastocytmastocyteses..    

 ThTh--11--helpshelps  cellularcellular  immunityimmunity  responseresponse  

[IL[IL--22,,  IFNIFN   (IL(IL--1818),),  TNFTNF ]]  

 ThTh--22--heplshepls  BB--cellcell  developmentdevelopment  andand  

antibodyantibody  secretionsecretion  (IgE)(IgE)  (IL(IL--44,,  ILIL--55,,  ILIL--66,,  

ILIL--1010,,    ILIL--1313))  



Th cells are at the center of cell-mediated immunity. The antigen-presenting cells 

present antigen to the T helper (Th) cell. The Th cell recognises specific epitopes 

which are selected as target epitopes. Appropriate effector mechanisms are now 

determined. For example, Th cells help the B cells to make antibody and also 

activate other cells. The activation signals produced by Th cells are cytokines 

(lymphokines) but similar cytokines made by macrophages and other cells also 

participate in this process  



Selection of effector mechanisms by Th1 and Th2 cells.  

In addition to determining various effector pathways by virtue of their  lymphokine  

production, Th1 cells switch off Th2 cells and vice versa.  



Th1/Th2 paradigm develops into Th1/Th2/Th3/Tr1 paradigm and more. T cells are 

classified into CD4+ T cells and CD8+ T cells by their surface markers, and these cells are 

further classified into Th1 cells, Th2 cells, Tc1 cells, and Tc2 cells by their cytokine 

profile. The Th1 cells and Tc1 cells are involved in cellular immunity, and the Th2 and 

Tc2 cells are involved in humoral immunity. Recently, other cell types are reported Th3 

cells, which produced TGF-β, Tr1 cells, which produce IL-10, and CD4+CD25+ 

regulatory T cells regulate overstimulation of type 1 immunity or type 2 immunity. NK 

cells also classified into NK1 and NK2 cells by their cytokine profile. Other cell types, 

NK3, NKr1, and regulatory NK cells have been reported recently.  



Th1/Th2/Th3/Tr1 and NK1/NK2/NK3/NKr1 balance in nonpregnancy subjects, 

pregnancy subjects, and spontaneous abortion cases. In the immunostimulation 

system, Th1/Th2 and NK1/NK2 are balanced, and these immunostimulation systems 

are regulated by immunoregulation system such as Tr1, NKr1, Th3, NK3, and 

CD4+CD25+ Treg cells. These balances are different between peripheral blood 

lymphocytes and decidual lymphocytes  (Saito et al., 2007) 



Regeneration. Regeneration.   
Wound healingWound healing  



Wound healingWound healing  

 is a natural restorative response to tissue is a natural restorative response to tissue 
injury. injury.   

 Healing is the interaction of a complex Healing is the interaction of a complex 
cascade of cellular events that generates cascade of cellular events that generates 
resurfacing, reconstitution, and restoration resurfacing, reconstitution, and restoration 
of the tensile strength of injured skin. of the tensile strength of injured skin.   

 Under the most ideal circumstances, healing is Under the most ideal circumstances, healing is 
a systematic process, traditionally explained a systematic process, traditionally explained 
in terms of 3 classic phases: in terms of 3 classic phases: inflammation, inflammation, 
proliferation, and maturation. proliferation, and maturation.   



Wound healingWound healing  

 TThe inflammatory phasehe inflammatory phase: a: a  clot forms and clot forms and 
cells of inflammation debride injured tissue cells of inflammation debride injured tissue 
during. during.   

 TThe proliferative phasehe proliferative phase::  eepithelialization, pithelialization, 
fibroplasia, and angiogenesis occur; fibroplasia, and angiogenesis occur; 
additionally, granulation tissue forms and the additionally, granulation tissue forms and the 
wound begins to contract. wound begins to contract.   

 TThe maturation phasehe maturation phase::  Collagen forms tight Collagen forms tight 
crosscross--links to other collagen and with protein links to other collagen and with protein 
molecules, increasing the tensile strength of molecules, increasing the tensile strength of 
the scar. the scar.   





Inflammatory PhaseInflammatory Phase  

  

 The body responds quickly to any The body responds quickly to any 
disruption of the skin’s surface. disruption of the skin’s surface.   

 Within seconds of the injury, Within seconds of the injury, blood blood 
vessels constrictvessels constrict  to control bleeding at to control bleeding at 
the site.the site.  

 PlateletsPlatelets  coalesce within minutes to coalesce within minutes to 
stop the bleeding and begin clot stop the bleeding and begin clot 
formation.formation.  



IInflammatory nflammatory PPhasehase  

 Endothelial cellsEndothelial cells  retractretract  to expose the to expose the 
subendothelial collagen surfaces; subendothelial collagen surfaces;   

 platelets attachplatelets attach  to these surfaces. to these surfaces.   

 Adherence Adherence to exposed collagen surfaces to exposed collagen surfaces 
and to other platelets occurs through and to other platelets occurs through 
adhesive glycoproteinsadhesive glycoproteins: fibrinogen, : fibrinogen, 
fibronectin, thrombospondin, and von fibronectin, thrombospondin, and von 
Willebrand factor. Willebrand factor.   



Blood clot formation 



IInflammatory nflammatory PPhasehase  

 The The aggregation of plateletsaggregation of platelets  results in the results in the 
formation of the formation of the primary platelet plug.primary platelet plug.  
Aggregation and attachment to exposed Aggregation and attachment to exposed 
collagen surfaces activates the platelets.collagen surfaces activates the platelets.  

 Activation enables platelets to Activation enables platelets to degranulate degranulate 
and release chemotactic and growth factorsand release chemotactic and growth factors, , 
such as plateletsuch as platelet--derived growth factor derived growth factor 
(PDGF), proteases, and (PDGF), proteases, and vasoactive agentsvasoactive agents  (eg, (eg, 
serotonin, histamine). serotonin, histamine).   



IInflammatory nflammatory PPhasehase  

 The The coagulation cascadecoagulation cascade  occurs by 2 occurs by 2 
different pathways.different pathways.  

 The intrinsic pathway begins with the The intrinsic pathway begins with the 
activation of factor XII (Hageman activation of factor XII (Hageman 
factor), when blood is exposed to factor), when blood is exposed to 
extravascular surfaces. extravascular surfaces.   

 The extrinsic coagulation pathway The extrinsic coagulation pathway 
occurs through the activation of tissue occurs through the activation of tissue 
factor found in extravascular cells in factor found in extravascular cells in 
the presence of factors VII and VIIa. the presence of factors VII and VIIa.   



IInflammatory nflammatory PPhasehase  

 The result of platelet aggregation and the The result of platelet aggregation and the 
coagulation cascade is coagulation cascade is clot formationclot formation. .   

 Clot formation is limited in duration and to the site Clot formation is limited in duration and to the site 
of injury. of injury.   

 Clot formation dissipates as its stimuli dissipate. Clot formation dissipates as its stimuli dissipate. 
Plasminogen is converted to plasmin, a potent Plasminogen is converted to plasmin, a potent 
enzyme aiding in cell lysis. enzyme aiding in cell lysis.   

 Clot formation is limited to the site of injury Clot formation is limited to the site of injury 
because uninjured nearby endothelial cells produce because uninjured nearby endothelial cells produce 
prostacyclin, an inhibitor of platelet aggregation. In prostacyclin, an inhibitor of platelet aggregation. In 
the uninjured nearby areas, antithrombin III binds the uninjured nearby areas, antithrombin III binds 
thrombin, and protein C binds factors of the thrombin, and protein C binds factors of the 
coagulation cascade, namely, factors V and VII. coagulation cascade, namely, factors V and VII.   



IInflammatory phasenflammatory phase  

 Both pathways proceed to the activation of Both pathways proceed to the activation of 
thrombin, which converts fibrinogen to thrombin, which converts fibrinogen to 
fibrin.fibrin.  

 The fibrin product is essential to wound The fibrin product is essential to wound 
healing and is the primary component of healing and is the primary component of 
the wound matrix into which inflammatory the wound matrix into which inflammatory 
cells, platelets, and plasma proteins cells, platelets, and plasma proteins 
migrate. migrate.   

 Removal of the fibrin matrix impedes wound Removal of the fibrin matrix impedes wound 
healinghealing. .   



IInflammatory nflammatory PPhasehase  

 In addition to activation of fibrin, In addition to activation of fibrin, 
thrombin thrombin facilitates migration of facilitates migration of 
inflammatory cells to the site of injury inflammatory cells to the site of injury 
by by increasing vascular permeabilityincreasing vascular permeability. By . By 
this mechanism, factors and cells this mechanism, factors and cells 
necessary to healing flow from the necessary to healing flow from the 
intravascular space and into the intravascular space and into the 
extravascular space. extravascular space.   



Inflammatory PhaseInflammatory Phase  
  

 PlateletsPlatelets  also release factors that attract also release factors that attract 
other important cells to the injury. other important cells to the injury.   

 NeutrophilsNeutrophils  enter the wound to fight enter the wound to fight 
infection and to attract macrophages. infection and to attract macrophages.   

 Macrophages Macrophages break down necrotic debris and break down necrotic debris and 
activate the fibroblast response. activate the fibroblast response.   

 The inflammatory phase lasts about The inflammatory phase lasts about 24 hours24 hours  
and leads to the proliferation phase of the and leads to the proliferation phase of the 
healing process.healing process.  
  

  



Proliferation PhaseProliferation Phase  
  

 On the surface of the wound, On the surface of the wound, epidermal epidermal 
cellscells  burst into mitotic activity within burst into mitotic activity within 
24 to 72 hours24 to 72 hours. These cells begin their . These cells begin their 
migration across the surface of the migration across the surface of the 
wound.wound.  

 FibroblastFibroblastss  proliferate in the deeper proliferate in the deeper 
parts of the wound. These fibroblasts parts of the wound. These fibroblasts 
begin to synthesize small amounts of begin to synthesize small amounts of 
collagen which acts as a scaffold for collagen which acts as a scaffold for 
migration and further fibroblast migration and further fibroblast 
proliferation. proliferation.   
  



Proliferation PhaseProliferation Phase  
  

 Granulation tissueGranulation tissue, which consists of , which consists of 
capillary loopscapillary loops  supported in this supported in this 
developing developing collagen matrixcollagen matrix, also appears , also appears 
in the deeper layers of the wound. in the deeper layers of the wound.   

 The proliferation phase lasts from The proliferation phase lasts from 24 24 
to 72 hoursto 72 hours  and leads to the and leads to the maturationmaturation  
phasephase  of wound healing.of wound healing.  
  
  

  



Proliferation Proliferation PhasePhase  

  

 Four to five daysFour to five days  after the injury occurs, after the injury occurs, 
fibroblasts begin producing large amounts fibroblasts begin producing large amounts 
of of collagen and proteoglycanscollagen and proteoglycans. .   

 Proteoglycans appear to enhance the Proteoglycans appear to enhance the 
formation of collagen fibers, but their formation of collagen fibers, but their 
exact role is not completely understood. exact role is not completely understood.   

 Collagen fibers are laid down randomly and Collagen fibers are laid down randomly and 
are crossare cross--linked into large, closely packed linked into large, closely packed 
bundles.bundles.  



Proliferation Proliferation PhasePhase  

  

 Within two to three weeks, the wound Within two to three weeks, the wound 
can resist normal stresses, but wound can resist normal stresses, but wound 
strength continues to build for several strength continues to build for several 
months. months.   

 The The proliferationproliferation  phase lasts from phase lasts from 15 to 15 to 
20 days20 days  and then wound healing enters and then wound healing enters 
the maturation phase.the maturation phase.  
  

  









Maturation PhaseMaturation Phase  

 During the maturation phase, During the maturation phase, 
fibroblasts fibroblasts leave the woundleave the wound  andand  collagen collagen 
is remodelis remodellleded  into a more organized into a more organized 
matrix.matrix.  

 Tensile strength Tensile strength increasesincreases  for up to one for up to one 
year following the injury. While healed year following the injury. While healed 
wounds never regain the full strength of wounds never regain the full strength of 
uninjured skin, they can regain up to 70 uninjured skin, they can regain up to 70 
to 80% of its original strength.   to 80% of its original strength.       







Chronic WoundsChronic Wounds  

 Failure or delay of healing componentsFailure or delay of healing components  

 Unresponsiveness to normal growth regulatory Unresponsiveness to normal growth regulatory 
signalssignals  

 Associated with repeated trauma, poor Associated with repeated trauma, poor 
prefusion/oxygenation and/or excessive prefusion/oxygenation and/or excessive 
inflammationinflammation  

 Systemic diseaseSystemic disease  

 Genetic factors Genetic factors   



Factors affecting wound healingFactors affecting wound healing  
  

 LocalLocal  

 RegionalRegional  

 SystemicSystemic  



Local factors affecting wound Local factors affecting wound 
healinghealing  

 Mechanical injuryMechanical injury  

 Infection edemaInfection edema  

 Ischemia/hypoxia/necrosisIschemia/hypoxia/necrosis  

 Topical factorsTopical factors  

 Ionizing radiationIonizing radiation  

 Foreign bodiesForeign bodies  



Regional factors affecting Regional factors affecting 
wound healingwound healing  

 Arterial insufficiencyArterial insufficiency  

 Venous insufficiencyVenous insufficiency  

 NeuropathyNeuropathy  



Systemic factors affecting Systemic factors affecting 
wound healingwound healing  

 HypoperfusionHypoperfusion  
 InflammationInflammation  
 NutritionNutrition  
 Metabolic diseasesMetabolic diseases  
 Immunodefficiency/ immunosupressionImmunodefficiency/ immunosupression  
 Connective tissue disordersConnective tissue disorders  
 SmokingSmoking  
  







Thank you for your attention.Thank you for your attention.  

  


