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Resume 

Traumatic brain injury (TBI) is accompanied by high rates of morbidity and mortality 

in both developed and undeveloped countries that makes it one of the most actual medical and 

social problems. In recent years matrix metalloproteinases are in increasing interest while 

studying TBI pathogenesis because of their ability to increase permeability of the blood-brain 

barrier and to cause nervous tissue matrix reorganization. The goal of given study was to 

investigate the role of matrix metalloproteinase MMP-9, its inhibitor TIMP-1 and interleukin 

IL-1β in pathogenesis of TBI. Methods: The study was performed on 98 mature white rats. 

Moderate severity TBI was modeled with one blow on the cranial vault by means of free-fall-

ing plummet. Control group included 30 rats. Cytokines (IL-1b, IL-6, IL-8, TNF-a), MMP-9 

and TIMP-1 levels were investigated in animals blood by means of ELISA on 1st, 3rd, 7th, 14th 

and 21st days after trauma. Results and discussion: MMP-9 levels increased by only 38,2% 

on the 1st day, but on the 3rd day there was its marked increase to 538%. It is known that 

metalloproteinases are released from the cells under the influence of various factors, including 

cytokines. On the 1st day after trauma it was IL-1β which increased by 705% showing the 

highest rise among other cytokines and exceeding increase in MMP-9 levels. This might 

indicate regulatory role of IL-1β.  A marked increase in MMP-9 levels in turn lead to TIMP-1 
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activation. Significant increase in TIMP-1 levels was determined on the 3rd day after trauma. 

On the 7th day there was a critical period with the highest levels of IL-1β (2147,2%), MMP-9 

(720,3%) and TIMR-1 (339,3%). Then all research indicators were decreasing with the most 

pronounced decrease in IL-1β and MMP-9. Conclusion: MMP-9 levels began to increase on 

the 1st day after trauma due to influence mainly IL-1β. An abrupt increase in MMP-9 in its 

turn caused an increase in TIMR-1 levels. Conclusion: Identified changes in IL-1β, ММР-9 

та ТІМР-1levels at TBI indicate complex relationships between cytokines and intercellular 

matrix reorganization regulators in formation of intercellular cooperation and inflammation 

development. 
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Introduction. According to epidemiological studies traumatic brain injury (TBI) is 

one of the actual medical and social problems worldwide [7, 9, 16, 19]. TBI is widespread in 

people of all ages and its prevalence does not depend on countries’ economic development 

levels [15]. TBI is of particular importance among young people of working age because it is 

accompanied by high rates of morbidity and mortality [8, 10, 17]. According to Khalin et al. 

(2016) TBI incidence has increased from 235 to 326 per 100 000 Europe's population in 

recent years [13]. In Ukraine it is also noticed high rate of traumatic brain injuries [1, 3]. 

Long-term complications of TBI include motor and cognitive disorders that can significantly 

reduce quality of life [6, 13, 18]. TBI is accompanied by neuroinflammation and main link of 

its pathogenesis is an impairment of the blood-brain barrier. Increased permeability of the 

blood-brain barrier and a release of proinflammatory cytokines cause additional tissue 

alteration [11]. Matrix metalloproteinases and their tissue inhibitor TIMP play essential roles 

in neuroinflammation pathogenesis at TBI causing an increase in the blood-brain barrier 

permeability, as well as in nervous tissue matrix reorganization. Thus the goal of given study 

was to investigate the role of matrix metalloproteinase MMP-9, its inhibitor TIMP-1 and IL-

1β in pathogenesis of TBI. 

Materials and Methods 

Experimental TBI was performed according to Jelsky-Zablitsev model (2005) [2]. The 

study involved 98 mature white rats. Moderate severity TBI was modeled with one blow on 

the cranial vault by means of free-falling plummet. Control group included 30 false-injured 

rats. Animal experiment was carried out according to European Convention for the Protection 

of Vertebrate Animals used for Experimental and Other Scientific Purposes (Strasbourg, 

1985). Cytokines (IL-1b, IL-6, IL-8, TNF-a), MMP-9 and TIMP-1 levels were investigated in 
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animals blood by means of ELISA kit from Biosource (Belgium) and Bender Medsystems 

(Austria).The study results were processed using the program Statistics 10 (StatSoft, Inc., 

USA). 

Results and Discussion 

Analysis of the received data showed that within the 1st day after trauma MMP-9 

levels in rats’ blood  increased by 38,2% (p <0,05) compared with the control group (Fig. 1). 

 
Figure 1. Dynamics (% of control values) of MMP-9 and TIMR-1 levels after TBI;  

* - P <0,05 compared with the average values of the control group 

 

MMP-9 is a zinc-containing proteinase with gelatinase activity. Several types of cells 

including neutrophils, fibroblasts, lymphocytes, macrophages and others secrete small 

amounts of MMP-9 [4], but the secretion can be increased greatly due to effects of cytokines 

released at traumatic tissue injury. In our study on the 3rd day MMP-9 levels increased more 

than 5 times compared with the control group (p <0,01). This is consistent with literature date 

about essential role of MMP-9 in development of inflammation in the brain. MMP-9 is 

involved in microvessels basement membrane reorganization, as well as it causes an increase 

in blood-brain barrier permeability [14]. In addition, MMP-9 is found to cause destruction of 

myelin components [20]. 

At TBI marked increase in MMP-9 activity is associated with nervous tissue matrix 

reorganization and cell-cell cooperation. Increased MMP-9 activity at the beginning of TBI is 

protective because it contributes leukocyte emigration to the site of injury. But further 

Control        1st day                3rd day                7th day                14th day                 21st day 
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increase in MMP-9 levels leads to tissue destruction. Peak rise of MMP-9 levels was observed 

on the 7th day after trauma (to 720%; p <0,01).  

Anti-inflammatory cytokines levels also started to increase on the 1st day after trauma 

(Fig. 2).  

   
 

Figure 2. Dynamics (% of control values) of cytokines IL-1 β, IL-6, IL-8 and TNF-α 

levels; * - P <0,05 compared with the average values of the control group 

 

It was IL-1β showing the highest rise among other cytokines during all TBI course 

(21,5 times; p <0,001). In our study, we investigate cytokines to determine their correlation 

with MMP-9. It was found that during the entire observation period- from 1st to 21st days after 

injury- changes in IL-1β levels were correlated with changes in MMP-9 levels. Thus it can be 

argued that IL-1β presumably was the main regulator of endopepidases synthesis. IL-6 and 

IL-8 demonstrated the maximum increase on the 3rd day after trauma that might be probably 

connected with their role as active chemoattractants for different types of leukocytes. 

On the 14th day MMP-9 levels decreased by 149% (p <0,05) compared with those on 

the 7th day, but  it was still 472% (p <0,01) higher its control levels. In our study changes in 

TIMP-1 levels were correlated with changes in MMP-9 levels. On the1st day TIMP-1 levels 

remained within the control values because of slight increase in MMP-9. An abrupt increase 

Control        1st day            3rd day             7th day                 14th day              21st day 
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in MMP-9 levels on the 3rd day after trauma caused an increase in TIMP-1 levels by 154 % 

(p < 0,05). In its turn TIMP-1 inhibits the activity of MMP-9 via binding to its catalytic site 

and thus forming a tide complex with metalloproteinase [20]. 

On the 21st day there was a further decrease in MMP-9 from 572% to 261% (p <0,01). 

Apart from TIMP-1, endopeptidase levels can be reduced by influence of γ-interferon, 

corticosteroids, α2-macroglobulin [4]. According to literature date MMP-9 is directly 

correlated to neutrophils count and is inversely correlated to fibroblasts count [4]. 

 
Figure 3. Scheme of relations between matrix metalloproteinases MMP-9 and its 

inhibitor TIMP-1 in the pathogenesis of TBI; BBB - blood-brain barrier  

 

Thus our data confirm the key role of IL-1β to initiate the increase in MMP-9 levels at 

experimental TBI. In their turn the increase in MMP-9 and TIMP-1caused by trauma is 

essential link of pathogenesis of inflammation at TBI because they are involved in both 

nervous tissue matrix reorganization and intracellular cooperation and repair processes of 

damaged tissue (Fig. 3).  

Zhang H. et al. (2010) suggest that the likely source of MMP-9 at TBI are neutrophils 

which first come from the systemic circulation and infiltrate the affected brain tissue [20]. In 

our opinion a decrease in MMP-9 levels on 21stday might indicate alleviation of inflammation 

                                                      TBI 

          Release of   cytokines IL- 1β, IL-6, IL-8, TNF-α 

                       Increase in MMP-9 levels 

Increase in TIMP-1 

levels 

Formation of complex 

with MMP-9 and 

inactivation  

Intracellular matrix 

reorganization 

Increase in the 

brain-barrier 

permeability 

                   Leukocyte infiltration Reparation reestablishment 



 960 

and rebuilding of repair mechanisms. On the other hand metalloproteinase is also a kind of 

signaling molecules that have the ability to activate various cells. It is established that 

neutrophils’ membrane has receptors for proenzyme pro-MMP-9 and blockade of these 

receptors impairs migration neutrophils migration [20]. In experimental study J.Y. Hsu at al. 

(2008) showed that metalloproteinases, paticular MMP-9, are involved in astrocytes 

activation and migration and glial scar formation at traumatic injury of the spinal cord 12. 

Conclusion  

MMP-9 levels began to increase on the 1st day after trauma due to influence mainly 

IL-1β. An abrupt increase in MMP-9 in its turn caused an increase in TIMR-1 levels. 

Identified changes in IL-1β, ММР-9 та ТІМР-1levels at TBI indicate complex relationships 

between cytokines and intercellular matrix reorganization regulators in formation of 

intercellular cooperation and inflammation development. 

 

References 

1. Grigorova, I. A., Kufterina, N. S. (2014). Aspects of the use of anticonvulsant 

preparations in treatment of patients that carried a craniocerebral trauma [in Russian]. 

International neurology journal, 1 (63), 134-138. 

2. Elskyy, V.N., Ziablitsev, S.V. (2008). Design of brain injury [in Russian], Donetsk, 

published by “New world”, 140. 

3. Pobednyy, A. L. (2011). Prevalence and structure of cranio-cerebral trauma in large 

industrial region [in Russian]. Ukr. Neurosurgery journal, 3, 32-35. 

4. Rogova, L. N., Shesterina, N. V., Zamechnic T. V., Fastova I. A. (2011). Matrix 

metalloproteinase, their role in physiological and pathological processes (review) [in 

Russian]. Announcer of new medical technology, ХVIII(2), 86-89. 

5. Alluri, H., Wilson, L., Anasooya S. C. (2016). Melatonin preserves blood-brain 

barrier integrity and permeability via matrix metalloproteinase-9 inhibition, PLoS One, 11 (5), 

e0154427. 

6. Bender, A., Adrion, C., Fischer, L. (2016). Long-term rehabilitation in patients with 

acquired brain injury, Dtsch. Arztebl. Int., 113 (38), 634-641. 

7. Bener, A., Omar, A. O., Ahmad, A. E. (2010). The pattern of traumatic brain 

injuries: a country undergoing rapid development, Brain Inj. – 2010. – Vol. 24, № 2. – P. 74-

80. 

8. Ciccia, A. H., Threats, T. (2015). Role of contextual factors in the rehabilitation of 

adolescent survivors of traumatic brain injury: emerging concepts identified through modified 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Alluri%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27152411
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilson%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=27152411
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anasooya%20Shaji%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27152411
https://www.ncbi.nlm.nih.gov/pubmed/27152411


 961 

narrative review, Int. J. Lang Commun. Disord., 50, 436-451. 

9. Cnossen, M. C., Polinder, S., Lingsma, H. F. (2016). Variation in structure and 

process of care in traumatic brain injury: provider profiles of european neurotrauma centers 

participating in the CENTER-TBI Study, PLoS One, 11 (8), e0161367. 

10. Gerber, L. M., Chiu, Y. L., Carney, N. (2013). Marked reduction in mortality 

in patients with severe traumatic brain injury, J. Neurosurg., 119 (6), 1583-1590. 

11. Guilfoyle, M. R., Carpenter, K. L., Helmy A. (2015). Matrix metalloproteinase 

expression in contusional traumatic brain injury: A Paired Microdialysis Study, J. 

Neurotrauma, 32 (20), 1553-1559. 

12. Hsu, J. Y.,  Bourguignon, L. Y., Adams, C. M. (2008). Matrix 

metalloproteinase-9 facilitates glial scar formation in the injured spinal cord, J. Neurosci., 28 

(50), 13467-13477. 

13. Khalin, I., Jamari, N. L., Abdul Razak N. B. (2016). A mouse model of weight-

drop closed head injury: emphasis on cognitive and neurological deficiency, Neural. Regen. 

Res., 11 (4), 630-635. 

14. Lorente, L. (2015). New prognostic biomarkers in patients with traumatic brain 

injury, Arch. Trauma Res., 4 (4), e30165. 

15. Peeters, W., van den Brande, R., Polinder, S. (2015). Epidemiology of 

traumatic brain injury in Europe, Acta Neurochir., 157 (10), 1683-1696. 

16. Popescu, C., Anghelescu, A., Daia C. (2015). Actual data on epidemiological 

evolution and prevention endeavours regarding traumatic brain injury, J. Med. Life., 8 (3), 

272-277. 

17. Raj, R., Bendel, S., Reinikainen M. (2016). Traumatic brain injury patient 

volume and mortality in neurosurgical intensive care units: a Finnish nationwide study, J. 

Trauma Resusc. Emerg. Med., 24 (1), 133. 

18. Rollnik, J. D., Janosch, U. (2010). Current trends in the length of stay in 

neurological early rehabilitation, Dtsch Arztebl. Int., 107, 286-292. 

19. Roozenbeek, В., Maas, I. R., Menon, D. K. (2013). Changing patterns in the 

epidemiology of traumatic brain injury, Nature Reviews Neurology., 9, 231-236. 

20. Zhang, H., Adwanikar, H., Werb, Z., Noble-Haeusslein, L. J. (2010). Matrix 

metalloproteinases and neurotrauma: evolving roles in injury and reparative processes, 

Neuroscientist., 16, 156-170. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Guilfoyle%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=25858502
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carpenter%20KL%5BAuthor%5D&cauthor=true&cauthor_uid=25858502
https://www.ncbi.nlm.nih.gov/pubmed/?term=Helmy%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25858502
https://www.ncbi.nlm.nih.gov/pubmed/25858502
https://www.ncbi.nlm.nih.gov/pubmed/25858502
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jamari%20NL%5BAuthor%5D&cauthor=true&cauthor_uid=27212925
https://www.ncbi.nlm.nih.gov/pubmed/?term=Razak%20NB%5BAuthor%5D&cauthor=true&cauthor_uid=27212925
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4870921/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4870921/

