
Inflammation 

Vascular   reactions. 

MEDIATORS 



Inflammation  is   a typical  pathological  

process,    a rapid  and  nonspecific  

protective  response  to  injury,  

 appears  in  injured,  but  vital  tissue. 

 The symptoms  of acute  inflammation : 

        Redness   (rubor) 

         Local  heat      ( calor) 

          Swelling      (tumor) 

          Pain     (dolor) 

     Loss  of  function      (functio  laesa) 



 Acute  inflammation  begins  within  seconds  to 

minutes  following  the  injury  of  tissues 



Causes  of  inflammation – all  factors, 
which  lead  to   injury 

      exogenous   endogenous 

 protozoa, 

 bacteria,  fungi 

 mechanical, 

physical, 

chemical  factors 

  metabolic  disturbance, 

damages by  uremic  acid  

salts, 

immune damage – Ag+Аb, 

ischemic  injury, 

tumors 



 Major components  of 
inflammation 

•  BLOOD  VESSELS 

•   LEUKOCYTES 

•    Components of plasma 



Cellulor  injury 

Acute inflammation 

 Chronic  inflammation 

 HEALING 

 Granuloma   formation 

 HEALING 

 HEALING 

 or 

 or 
DEATH 

     OUTCOMES   FROM   INFLAMMATION 



 

  Inflammation   includes:    
 

     Cellular  component s               Components  of plasma 

• Т- lymphocytes →Lymphokines                 complement  system             
В-  lymphocytes→ –antibody   

      Granulocytes  → lysosomal enzymes 

    Monocytes,  Macrophages                             Hageman  factor :            

 →lysosomal  enzymes,                                   -  Clotting  system 

- Free  radicals                                                    -  Anti clotting  system 

• Thrombocytes                                                - Complement  system 

• Mast  cells, Basophiles                                  - Kinin  system      

                                 ACUTE    INFLAMMATION 
  RECOVERY                                           ChRONIIC   INFLAMMATION 



Microcirculation  vessels: 

Аrteriole -  30 – 50 мкм  and  low 

Met arteriole- up to 10  мкм 

Capillaries – 3 – 7 мкм 

Post capillaries – 7 – 30 мкм 

Venula –   30 -50 мкм   

                   up to 100 мкм 

 Lymphatic  cfpillaries, vessels   

 Artherial  hyperemia 



Changes  of  blood  flow   
in  microcirculation  vessels 

   Transitory ,  shot-duration  spasm  of   arteriole  
   Arterial  hyperemia  - dilation  of microcirculation  
                                              vessels ,      
               - Increased  blood   flow  velocity  
               -   ↑ number of  functional  capillaries                                          
                                     -  ↑ permeability , -  ↑ lymph  flow   
                                     - ↑ hydrostatic  pressure  in capillaries                                     
  Venous  hyperemia  ( congestion)  - further dilation  of  
                                    vessels ,  slowing  down  of blood flow  
                                     ↑ viscosity  of blood, ↑permeability, 
                                        sludge  of erythrocytes 
   Stasis  - stop  of  blood  flow  in the  region  of   
                    inflammation 



Infectious inflammation in skin  
(furuncle ) 

 purulent shaft, venous hyperemia, arterial hyperemia 



Changes  in microcirculation  during  
arterial  hyperemia 
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Manifestations  of arterial  hyperemia 

  - Dilation  of arterioles and venules 

   - Increased number  of  capillaries  due to  open  of  

      precapillary sphincters. 

   - Increased  blood  flow  velocity 

   -  Increased lymphatic flow 

   -  increased  vascular  permeability   due  to retraction  

       of  endothelial  cells. 



ACUTE  INFLAMMATION  IN  SKIN 
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 AXON  -  REFLEX: 

dilation  of  arteriole, 

dilation  of  precapillary 

sphincter, 

degranulation  of  mast 

cells 

afferent  fiber  C 

 conduction of  pain 

  

 substance  P 

 mast  cell 

 histamine 

 CFN,  CFE, 

  heparine 

   proteasis 

  

 

 

 

 

 

 

  

 

 

 

 

 

 Mechanism  of  

Arterial  hyperemia  

in  skin   



Increased  permeability in 
inflammatory  region 

 exit  of proteins from  the vessels  to interstitial space 

              30 min              2 hours                   4 – 6 hours    

 injury     

 1 stage                         2 stage 

 arterial  hyperemia             conjestion 



Factors, which influence on blood 
reology  during  inflammation 

 - ↑ blood  viscosity  due to  ↑ permeability  

  -  ↓ blood flow  velocity, changing  characteristic  of  

      blood   stream (laminar  → turbulent) 

  -   formation  of micro thrombus 

  -  sludge fenomenon  of erythrocytes 

  -  adhesion  leukocytes  to  endothelial  cells  on  wall  

       vessels 

 - ↑ exudation 

  -  Blockade  of  venous  and  lymph  flow  

   - congestion 
    

 Arterial hyperemia   →  venous  hyperemia   



The signs of  Venous hyperemia 

  - ↓ blood flow  velocity 

  - dilation  of  micro circulation  vessels 

  -  ↑ blood volume  in  these  vessels 

   -  ↑ blood pressure in venula and  capillaries 

   - cyanosis 

    -  ↑ ↑ permeability→ ↑ exudation  

    -  disturbance  of venous  and  lymph  flow  

    - edema  of  tissue ( organ) 



Events  in  the  progress  of  inflammation 



•         ADAPTIVE 

• Transport  of  mediators 
 

• Transport   of 
immunoglobulines 
 

• Removing  and  decrease  
concentration  of  toxins 

 

     Localization  of  
inflammatory  zone  

        PATHOGENIC     

• Pressing  and  displacing  of  organs  
and   tissue 

• disturbance of  microcirculation,  that  

        leads  to  ischemic  injury  

• Excessive  concentration  of  fibrin, 
which  leads  to increased 
proliferation of connective  tissue  
and  prevents complete  recovery 
from  inflammation 

• Forming of   abscess ,  

• Appearing  of   phlegmon 

Role   of  exudation  in  zone  of  
inflammation 



Types  of  inflammatory  exudates 

Serous  exudate 

 Catarihal  (mucous)  exudate 

 Fibrinous  exudate 

 Hemorrhagic  exudate 

  Purulent  exudate 



Inflammatory  exudate  -  opaque  liquid  

-acidic  pH : serous – 7.0 – 7.1 

                     purulent  5.6 – 6.9 

-High  concentration of proteins , fibrin 

-- grate number of leukocytes 

-Mechanism:  increase  permeability 

 

Transsudate – non inflammatory  fluid, light liquid 

   pH - close to  normal  ~ 7.3 

    very low concentration  of proteins, 

     very low number of leukocytes  

Mechanism: increased  hydrostatic pressure  

                        inside  the  vessels. 



Mechanisms  of  pain  during  
inflammation: 

Mechanical  pressing  of  nociceptors  by  exudate 

Strait  injury  of  fibers  C  and  Aô  by  any 

chemicals  or  immune  complexes 

 Depolarisation  of  nociceptors  by   [ K ], 

                                                                 [ H]  

  Stimulation  of  nociceptors  by  mediators: 

      Histamine 

      Bradykinin 

       Substance Р ( neuropeptide) 

       NO  



Factors, which  lead to  
degranulation  of  mast  cells: 

      Complex   Аg + 2 Ig E, 

       Adenosine,  

        Acetylcholine, 

        Prostaglandin  F 2α 

        Complement  fragments C 3а,  С5а, 

        Substance  Р   

        Physical  stimuli     



Effects of degranulation of mast cell 
and  mediators synthesis by  mast cell 

 DEGRANULATION  
immediate  response    SYNTHESIS 

long-term  
response 

Histamine 
Heparin  

Neutrophil 
chemotactic   factor  

Eosinophil  CF 
Proteasis 

Injury 

interleukin-1 IgE- mediated  mechanism 

 activated 
complement 

 New-
synthesized 
mediators: 

Leukotriens, 
Prostaglandins 

PAF 

  
 
 

 

 

 Preformed  (ready) 

            mediators: 



•Н-1       -  Spasm  smooth muscles  of  bronchy  and  GIT 

                 -Increased  permeability  of  vessels 
       -Increased  cAMP  in  target- cells 
        -Skin  itching 
         -Stimulation  of  prostaglandins  synthesis 
       -Irritation  of  vagus  nerve ending  in  airways   

Н-2 -Secretion  of chloride  acid  in stomach 
 -Increased  secretion  of  mucus   by  epithelial  cells 
               in   airways 
 - Constriction  of  smooth muscles  of  esophagus 

Н-1 + Н-2  Hypotension                  Head ache 
              Skin   redness                Tachycardia       
   
   
 

   EFFECTS   OF  activation    HISTAMINE  receptors 



Effects of proteases  which  release 
from mast cell granules 

Proteases – Tryptase  and  Hymase   -   
                    -  brake down  the basal  membrane  of  

                      vessels  and  increase vascular 

                       permeability, 

                     - split  proteoglycanes of  connective   

                       tissue and  help  phagocytes  to  

                       emigrate from vessels to  the zone of 

                        inflammation  

                     - clean  the zone  of inflammation  

                        from  remnnts  of tissue , 

                      -  activate growth factors  and  

                         increase  restoration. 

  

 

 

 

                        

 



Histamine 
 adenosine 

 kallidin 

serotonin 

 bradykinin 

 Lyz –Arg –Pro –Pro –Gly –Phe –Ser – Pro –Phe –Arg 
 



SEROTONIN  

 Serotonin –is preformed mediator of inflammation  
                    locates in granules of platelets 
 
EFFECTS :  -↑ permeability of microvessels 
                      - provokes spasm of  venules 
                        which  makes  difficulties for blood  
                         flow and leads  to edema 
                      - irritates nociceptors which lead to 
                           pain sensation 



Bradykinin  synthesis 

Hageman  factor 

Contact  activation of  Hageman  
factor: 

Urate Cristals 
Collagen 

Bacterial  polysaccharides 
Basal  membrane of vessels, 

Skin,  cartilage 
 PreKallikrein 

Kallikrein 

 
Kininogen  

α2 - globulin 
 

Kallidine Bradykinin 



Bradykinin 
H-Arg-Pro-Pro-Gly-Phe-Ser-Pro[Phe-Arg-OH 

Effects  of  Bradykinin: 
 Vasodilatation,   

--Increased  permeability  of microcircularity  vessels, 
-- spasm of smooth muscles  of bronchy 

--stimulation of nociceptors (severe  pain) 
 

α2- globulin 

 Heavy  chain                         Light  chain 

  

 

 

BK 



Platelet  activation  factor  (PAF) 

Synthesized  by:   neutrophils,   basophiles,  Monocytes,   

                                            macrophages,   platelets,   mast  cells 
                     endothelial  cells 
Hydrolysis  of   membrane  phospholipids  with a help  of   
                    phospholipase s  PLA2 , PL C, PL D 
     

EFFECTS: - increases  permeability  of  m/c  vessels  
        -  constriction  of smooth  muscle 
         -  chemotaxis  and  degranulation  of  NP 
         - activation  and  aggregation  of  platelets  



 Pathways  of  activation  of  the  complement  
cascade 

 Membrane  attack  complex 

classic 
C3 –convertase 

C1,4b,2a 

alternATIVE 
C3 –convertase  

C3b, Bb,  P   C3b 

 C3b C4a C2a  or 

  C3b Bb C3b  C3 -convertase 

 C5 

C5a 
 5b   C6,7,8,9 

 C5b,6,7,8,9 

membrane  attack  complex  



ACTIVATION  OF  COMPLEMENT 

 classical  alternative  lectine 



membrane  

attack  complex 

       Formation  of  membrane  attack complex      

                                       C5b 6789     



Fragments  of  complement  –  
mediators  of  inflammation 

Component 
С3а, С5а 
 
 
С3b , С4b 
C3а, С4а, С5а 
С5а 
С2а   
 
С5b6789 

  Function 
 Degranulation  of  mast  cells   → 
   releasing  of  histamine 
 Increases  of  permeability   
 Opsonins 
 Anapfilotaxins 
  Chemo attractant 
  Kinine–like   activity 
 
  Cellular  membrane   damage  and  

autolysis    



   Metabolism  of  arachidonic  acid 

Phospholipase  A2 

cyclooxygenase Lypoxygenase 



arachidonic  acid 

cyclooxygenase 



 

          Isoforms  of  cyclooxygenase 
                                              COG- 1                                            COG- 2 

                                      конституциональная                 индуцируемая 

 Factors,  that 

activate   

 synthesis                                Physiologic                  inflammation   

 

Increased synthesis   

   after  stimulation                     in  2 -4  times              itn  10-80  times 

 Localization  inside the  cell          cytoplasm               near  nuclear                                                                                                      

 

genes                                            22 kD +                          8  kD + 

                                             11  aminoacids                     10  aminoacids                            

                                             in  mucous  membrane 

                                                  of stomach, 

                                                    kidney,                  induced  by cytokines  

                                                                                in   inflammation    region                                                                                       



Effects  of metabolites  of  arachidonic  acid   
appear  in  cyclooxygenase  pathway  

PgE2 Dilation   and  increase permeability  of  m/c  vessels   
               Bronchodilation 
  Inhibition  of neutrophils  and  lymphocytes  functions 
    Sencitization  of  nociceptors 
PgD2    Bronchoconstriction 
PgD2/ PgI2 Dilation  and  increase  permeability  of m/c  vessels          
  Inhibition  of  leukocytes  function 
PgF2  Inhibition  of  adhesion  and aggregation  of  platelets 
  Bronchodilation 
PgF2α  Bronchoconstriction 
   
ТХА2             Bronchoconstriction 
               Constriction  of m/c  vessels 
                Increase  adhesion  and  aggregation  of platelets 
   Increase  adhesion  of neutrophils  to  endothelial cells   



Effects  of  metabolites  of arachidonic  acid  
synthesized  in  lypooxygenase  pathway   

LT  C4<D4,E4    Bronchospasm 
  Dilation  and  increase  permeability  of m/c  vessels 
  Spasm  of  coronary  and cerebral   arteries 
  Stimulation  of  mucous  secretion  in air pathway  
               Stimulation   of  HCL  secretion  in stomach 
 

LТЕ4        Increases  sensitivity   of  airconduction  pathway  
   

LТВ4  Chemotaxis  and  activation  of  leukocytes 
  Increases  adhesion   of  leukocytes  to  endothelial  cells    
                             of  wall vessels 
  Inhibits  of  T-lymphocytes 
  Increases  activity of  killer  cells 



       Phospholipids 

       Arachidonic  acid 

 Phospholipase  А2  Glucocorticoids 

           Lipooxygenase 

 5НРЕТЕ            LТ А4 

  LТ В4 
LТ  С4 

 LТ D4 

 LТ E4 

 cyclooxygenase 

     Endo peroxide 

Prostacicline 

       PgI 
 Prostaglandins 

 PgF,   PgE2,  PgD2 
 ТХА2 

 Аspirine 

     Glucocorticoids  block   the  formation  of  all 

               metabolites  of  arachidonic  acid   


