
   

 
Archives • 2021 • vol.3 • 1717-1722 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

EXPERIMENTAL STUDY OF RECEPTOR ANTAGONIST INTERLEUKIN-1 

CEREBROPROTECTIVE PROPERTIES  

Shchokina K. G., Drogovoz S. M., *Kalko K. O., Starikov V. I. 

National University of Pharmacy, Kharkiv 

*ketrin27kalko@gmail.com 
 

Abstract  

In modern conditions craniocerebral trauma (ССT) is one of the most common pathologies. The 
search for new means of correcting ССT is an urgent task of medicine and pharmacy. According to the 
modern concept, the pathogenesis of brain lesions involves an increase in the production of pro -
inflammatory cytokines, including interleukin-1. Attracts attention of the possibility to solve this 
problem by blockade of receptors of interleukin-1 (IL-1). 

The aim of this study was to evaluate the effectiveness of raleukin in traumatic CNS lesions in a 
model of traumatic brain injury in rats. 

Materials and methods. Raleukin injected at a dose of 15 mg / kg subcutaneously, referent -drug 
Piracetam (200 mg / kg) intraperitoneally 30 minutes before the modeling of CCT. Closed trauma of 
moderate severity was simulated under light etheric anesthesia (immediately after the lateral position 
of the animal) by the method of dosed impact on the parieto-occipital region with a weight of 0.0495 
kg with an energy of 0.315 J in a special device. Immediately after the application of CCT determined 
the time of recovery of motor activity of animals. After 24 hours, the open field and rotating rod tests 
were repeated. This allowed us to assess the dynamics of the CNS. 

The main results. In the article are the results of studies of the effect of recombinant human 
receptor antagonist of interleukin-1 (Raleukin) status of animals after closed craniocerebral trauma. 
Found that Raleukin more effective of piracetam restores motor activity of animals in the acute period 
of experimental BI. Against the background of Raleukin recovery in the functional state of central 
nervous system (muscle tone and motor coordination, motor and research activity, emotional reaction) 
in craniocerebral trauma rehabilitation period is better than under the influence of piracetam. 
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Introduction  

Today craniocerebral trauma (ССT) is one of the 
common pathological states. Its frequency ranges 
from 180 to 220 per 100 thousand population. With 
severe trauma up to 30-50% of patients die, and a 
significant proportion of survivors remain disabled 
[1, 2]. Existing treatment technologies are often 
ineffective. Therefore, the search for new means of 
correcting ССT is an urgent task of medicine and 
pharmacy [3, 4].  

According to the modern concept, the 
pathogenesis of brain lesions involves an increase in 
the production of pro-inflammatory cytokines, 
including interleukin-1 (IL-1) [5, 6, 7, 8, 9]. It is proved 
that the production of interleukins, including IL-1, 
increases in various lesions of the brain, the rapid 
expression of which causes leukocyte infiltration, 
neurotoxicity, induces neuronal apoptosis [10, 11, 
12]. Previous studies on ischemic cerebral circulatory 
disorders have shown strong cerebroprotective 
properties of a recombinant IL-1 receptor antagonist 
(Raleukin), namely increased survival, decreased 
cerebral edema and neurological deficits, and 
reduced cerebrovascular syndrome [13, 14, 15]. The 
aim of this study was to evaluate the effectiveness 
of raleukin in traumatic CNS lesions in a model of 
traumatic brain injury in rats. 

 

Methods 

The original recombinant antagonist of IL-1 
receptors was obtained at the St. Petersburg 
Research Institute of Genetic Engineering by genetic 
engineering. The experiment was performed on 18 
white outbred male rats weighing 150-230 g. 
Animals were divided into 3 groups of 6 individuals 
each. The first group - control pathology (received 
isotonic NaCl solution). The rats of the second group 
were injected Raleukin at a dose of 15 mg / kg 
subcutaneously 30 minutes before the simulation of 
CCT, which was determined in previous studies [16]. 
Animals of the third group 30 minutes before the 
simulation of CCT the comparison drug Piracetam 
(200 mg / kg) intraperitoneally administered.  

1 hour before TBI simulation in rats, the initial 
functional state of the CNS was determined by open 
field and rod tests rotating at a speed of 10 
revolutions per minute. This allowed to quantify the 

locomotor and research activity of animals, 
emotional reactions and their autonomic support, 
the state of muscle tone and coordination of 
movements. 

Closed trauma of moderate severity was 
simulated under light etheric anesthesia 
(immediately after the lateral position of the animal) 
by the method of dosed impact on the parieto-
occipital region with a weight of 0.0495 kg with an 
energy of 0.315 J in a special device [17, 18]. 
Immediately after the application of CCT determined 
the time of recovery of motor activity of animals. 
After 24 hours, the open field and rotating rod tests 
were repeated. This allowed us to assess the 
dynamics of the CNS. 

Quantitative data were statistically processed 
using Student's t test, Wilcoxon pair test, and 
Fisher's angular transformation. 

 

Results and Discussion 

Moderate CCT did not cause animal death. 
According to Table 1, the restoration of motor 
activity occurred in different groups differently. 
Against the background of Raleukin, the onset of 
spontaneous movements and complete recovery of 
locomotor activity was observed significantly earlier 
than in the control pathology or piracetam groups. 
In addition, piracetam almost did not accelerate this 
process. 

Under the influence of CCT in all groups, the 
results of the open field test deteriorated (Table 2). 
These indicators characterize the horizontal and 
vertical components of motor activity (respectively, 
the number of crossed squares and vertical racks), 
research activity (number of examined holes), 
manifestations of emotionality (grooming) and 
autonomic support of emotional reactions 
(defecation and urination). The largest violations 
were observed in the group of control pathology, 
the smallest - in the group of Raleukin. Thus, the 
sum of all types of activity in the control decreased 
by an average of 71.8% from baseline, under the 
influence of piracetam - by 56.6%, under the action 
of Raleukin - only by 24.0% (Table 2). These data 
suggest that raleukin corrects neurological deficits 
caused by trauma better than Piracetam. 

The dynamics of muscle tone and coordination 
were also different. As can be seen from table. 3, in 
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the control pathology group and on the 
background of piracetam, the number of rats that 
did not stay on the rod after trauma was maximum 
and had no significant differences between them. 
Under the influence of  Raleukin 24 hours after 
trauma, all animals remained on the rod for more 
than 30 s, which is probably higher than the control 
group and indicates the preservation of normal 
muscle tone and coordination. 

Therefore, in the model of CCT of moderate 
severity in rats in the prophylactic administration of 
Raleukin had a positive effect on the recovery 
period of animals, exceeding the known nootropic 
and cerebroprotective agent piracetam. This is 
evidenced by a much faster recovery of motor 
activity after trauma, less suppression of motor and 
research activity on the open field test the day after 
trauma and the lack of suppression of emotional 
reactions in this test. In addition, raleukin, in 
contrast to piracetam, slightly improved muscle 
tone and coordination in the rotating rod test. 
These results indicate the prospects of blockade of 
IL-1 receptors as one of the mechanisms of 
cerebroprotection in traumatic brain injury [19, 20]. 
The cerebroprotective effect of raleukin is likely to 
be due to improved blood supply to the brain and its 
energy and plastic metabolism, a positive effect on 
neurotransmitter processes, anti-edematous 
activity, inhibition of apoptosis [21]. Verification of 
these mechanisms is the task of further studies of 
the cerebroprotective effect of Raleukin. It should 
be noted that according to previous studies, 
Raleukin reduces the depressant effect of alcohol 
on the CNS, which is important in the context of this 
study, as most cases of trauma occur in a state of 
alcohol intoxication [22]. 

Thus, Raleukin significantly outweighs the 
comparison drug with a positive effect on motor 
activity of experimental animals in the most acute 
period of experimental trauma, as well as on the 
restoration of functional CNS (muscle tone and 
coordination, motor and research activity, 
emotional reactions) in the rehabilitation period of 
CCT. 

References 

1. Sobowale, O., Parry-Jones, A., Smith, CJ., 
Tyrrell, P., Rothwell, N., & Allan, S. (2016). 
Interleukin-1 in Stroke. From Bench to 

Bedside. Stroke. 2016; 47(8): 2160-2167. 
https://doi.org/10.1161/STROKEAHA.115.01000
1. 

2. Moraga A., Pradillo J.M., Garcia-Culebras A., 
Palma-Tortosa S., Ballesteros I., Hernandez-
Jimenez M., Moro M.A., Lizasoain I. Aging 
increases microglial proliferation, delays cell 
migration, and decreases cortical 
neurogenesis after fo-cal cerebral ischemia. 
J. Neuroinflammation. 2015;12:87. 

3. McCulloch L. Interleukin-1 receptor 
antagonist treatment in acute ischaemic 
stroke does not alter systemic markers of 
anti-microbial defence. UK Dementia 
Research Institute at the University of 
Edinburgh. 2019. 
http://www.doi.org/10.7488/ds/2626. 

4. Abeysinghe H.C., Bokhari L., Dusting G.J., 
Roulston C.L. Brain remodelling following 
endothelin-1 induced stroke in conscious 
rats. PLoS ONE. 2014; 9 : e97007.  

5. Garlanda C., Dinarello C.A., Mantovani A. The 
interleukin-1 family: back to the future. 
Immunity. 2013; 39(6):1003–18. 
doi:10.1016/j.immuni.2013.11.010. 

6. Maysami S., Wong R., Pradillo J.M., Denes A., 
Dhungana H., Malm T. A cross-laboratory 
preclinical study on the effectiveness of 
interleukin-1 receptor antag-onist in stroke 
[published online ahead of print September 
30, 2015]. J Cereb Blood Flow Metab. doi: 
10.1177/0271678X15606714. 
http://jcb.sagepub.com/content/early/2015/0
9/16/0271678X15606714. Accessed February 
27, 2016. 

7. Greenhalgh AD, Galea J, Dénes A, Tyrrell PJ, 
Rothwell NJ. Rapid brain pene-tration of 
interleukin-1 receptor antagonist in rat 
cerebral ischaemia: pharmaco-kinetics, 
distribution, protection. Br J Pharmacol. 
2010;160:153–159. doi: 10.1111/j.1476-
5381.2010.00684.x. 

8. Murray K.N., Parry-Jones A.R., Allan S.M. 
Interleukin-1 and acute brain injury. Front 
Cell Neurosci. 2015; 9:18. doi: 
10.3389/fncel.2015.00018. 

9. Rosenzweig M. Jason,  Lei Jun, Burd Irina. 
Interleukin-1 receptor blockade in perinatal 

http://pharmacologyonline.silae.it/


PhOL     Shchokina, et al.    1720 (pag 1717-1722) 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

brain injury. Front. Pediatr., 07 october 2014 / 
https://doi.org/10.3389/fped.2014.00108. 
10. Jae Hoon Lee, Eun Hee Kam, Jeong Min Kim, 

So Yeon Kim, Eun Jeong Kim, So Yeong 
Cheon, Bon-Nyeo Koo. Intranasal 
Administration of Interleukin-1 Receptor 
Antagonist in a Transient Focal Cerebral 
Ischemia Rat Model. Biomol-ecules & 
Therapeutics. 2017; 25(2): 149-157.  
https://doi.org/10.4062/biomolther.2016.050. 

11. Jesus M. Pradillo, Katie N. Murray, Graham 
A. Coutts, Ana Moraga, Fernando Oroz-
Gonjar, Herve Boutin, Maria A. Moro, Ignacio 
Lizasoain, Nancy J. Roth-well, Stuart M. 
Allan. Reparative effects of interleukin-1 
receptor antagonist in young and aged/co-
morbid rodents after cerebral ischemia. 
Brain Behav Immun. 2017; 61: 117–126. doi: 
10.1016/j.bbi.2016.11.013. 

12. Banwell V., Sena E.S., Macleod M.R. 
Systematic review and stratified meta-
analysis of the efficacy of interleukin-1 
receptor antagonist in animal models of 
stroke. J. Stroke Cerebrovascular Dis. 
2009;18:269–276.  

13. Pradillo J.M., Denes A., Greenhalgh A.D., 
Boutin H., Drake C., McColl B.W., Barton E., 
Proctor S.D., Russell J.C., Rothwell N.J., Allan 
S.M. Delayed admin-istration of interleukin-1 
receptor antagonist reduces ischemic brain 
damage and inflammation in comorbid rats. 
J. Cereb. Blood Flow Metab. 2012;32:1810–
1819. 

14. Sarah K. McCann, Fala Cramond, Malcolm R. 
Macleod & Emily S. Sena. Systematic Review 
and Meta-Analysis of the Efficacy of 
Interleukin-1 Receptor Antagonist in Animal 
Models of Stroke: an Update. Translational 
Stroke Re-search. 2016; 7: 395–406. 

15. Smith C.J., Hulme S., Vail A. SCIL-STROKE 
(Subcutaneous Interleukin-1 Receptor 
Antagonist in Ischemic Stroke): A 
Randomized Controlled Phase 2 Trial. Stroke. 
2018; 49(5): 1210–1216. 

16. Suprun Ye.V., Shtrugol` S.Yu., Ishenko O.M. 
Cerebro- and cardioprotective effects of 
interleukin-1 receptor antagonists in a model 

of cerebral ischemia in rats. Clinical 
Pharmacy. 2009: 1; 59-63.  

17. Buresh Ya., Bureshova О., Hyuston D. P. 
Methods and basic experiments in the study 
of the brain and behavior. Moscow : «High 
school», 1991. 399 p. 

18. Yelsky V. N., Zyablitsev S. V. Simulation of 
traumatic brain injury. Donetsk: New World 
Publishing House, 2008. 140 p. 

19. Ketlinsky S.A., Simbirtsev А.S. Cytokines. St. 
Petersburg: Foliant Publishing House, 2008. 
552 p.  

20.James Galea, Kayode Ogungbenro, Sharon 
Hulme, Hiren Patel, Sylvia Scarth, Margaret 
Hoadley, Karen Illingworth, Catherine J. 
McMahon, Nikolaos Tzerakis, Andrew T. 
King, Andy Vail, Stephen J. Hopkins, Nancy 
Rothwell, Pippa Tyrrell. Reduction of 
inflammation after administration of 
interleukin-1 receptor antagonist following 
aneurysmal subarachnoid hemorrhage: 
results of the Subcutaneous Interleukin-1Ra 
in SAH (SCIL-SAH) study. J Neurosurg. 
2018;128:515–523. 

21. Laura McCulloch, Stuart M. Allan, Hedley C. 
Emsley, Craig J. Smith, Barry W. McColl. 
Interleukin-1 receptor antagonist treatment 
in acute ischaemic stroke does not alter 
systemic markers of anti microbial defence. 
F1000Research. 2019; 8(1039):1-22. 

22. Shchokina К.G., Shtrugol` S.Yu. Experimental 
study of antialcoholic action of interleukin-1 
receptor antagonist (ARIL-1). Ukrainian 
Journal of Psychoneurology. 2009; 17 (59): 
105-107. 

 
 

 

 

 

 

 

 

 

 

 

 

http://pharmacologyonline.silae.it/


PhOL     Shchokina, et al.    1721 (pag 1717-1722) 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

Table 1. Time of recovery of motor activity after trauma simulation under the influence of Raleukin  

Group (n=6) Time of recovery of motor activity, sec 

Start Complete recovery 

Control pathology (CCT) 204,0±46,9 360,0±69,0 

Raleukin + CCT 29,2±6,5*# 85,8±12,9*# 

Piracetam + CCT 196,0±39,4 335,0±72,3 

Note. Probable differences by Student's criterion (p<0,05): * – with control pathology, # – with group of 

piracetam.  

 

Table 2. Open field test results (3 min.) before and 24 hours after modeling of CCT  under the influence of 

Raleukin (n = 6) 

 

Indicator 

Control pathology  

(CCT ) 

Raleukin + CCT Piracetam + CCT 

 

Number of crossed 

squares 

to 14,2±4,2 25,0±2,6 20,3±8,1 

after 3,5±2,2* 19,3±3,5* 7,3±3,8* 

changes,% –75,4 –22,8 –63,9 

Number of vertical 

racks 

to 3,0±1,6 9,2±0,8 4,0±1,5 

after 1,0±0,3 5,7±2,1* 2,2±1,3* 

changes,% –66,7 –38,0 –46,0 

Number of surveyed 

holes 

to 8,3±2,2 7,0±0,6 7,2±2,6 

after 2,0±0,8* 4,5±1,0* 3,5±1,3* 

changes,% –76,0 –35,7 –51,1 

Number of acts 

grooming 

to 1,0±0,3 2,0±0,2 1,0±0,3 

after 0,7±0,3 2,2±0,6 0,7±0,3 

changes,% –33,0 +10 –33,0 

Number of fecal 

bolus 

to 0,8±0,3 0,5±0,3 1,2±0,3 

after 0,5±0,3 1,0±0,5 0,8±0,2 

changes,% –39,8 +100 –29,1 

Number of urination to 0,5±0,2 0,2±0,2 0,2±0,2 

after 0,2±0,2 0,3±0,2 0,2±0,2 

changes,% –66,0 +50,0 ±0 

Sum 

of all kinds 

activity 

to 27,8±7,7 43,8±4,8 33,8±8,0 

after 7,8±2,6* 33,3±5,8* 14,7±6,3* 

changes,% –71,8 –24,0 –56,6 

 Note. * - probable differences with the initial state according to the paired Wilcoxon test (p<0,05).    
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Table 3. Effect of Raleukin on muscle tone and coordination in traumatic trauma rats by the rotating rod test 

(n=6) 

The number of animals that 

did not hold on to the rod 

Control pathology  

(CCT ) 

Raleukin + 

CCT 

Piracetam + CCT 

 

The initial state to 30 sec. 0/6  (0%) 0/6 (0%) 1/6 (16,7%) 

to 1 min. 3/6 (50%) 0/6 (0%) * # 3/6 (50%) 

In 24 hours after 

trauma 

to 30 sec. 3/6 (50%) 0/6 (0%) * # 2/6 (33,3%) 

to 1 min. 3/6 (50%) 2/6 (33,3%) 4/6 (66,7%) 

Note. * - probable differences with the control pathology (p <0.01), # - with piracetam (p <0.05) by Fisher's 

angular transformation. 
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