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LEUKOCYTES AS MARKERS OF HEMORRHAGIC STROKE 

INFLAMMATORY NATURЕ 
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Hemorrhagic stroke in response to intracerebral hemorrhage is considered an aseptic form of 

inflammation. With this in mind the dynamics of leukocytes changes in blood and in the hemorrhagic stroke 

zone as main factors of inflammation are examined. Sprague-Dawley rats (N = 24) underwent surgical 

procedures and were divided into two groups — control group and a hemorrhagic stroke group — an injection 

of 2 µL of sterile saline and 2 µL of 0,2U of Collagenase-IV (S) respectively. White blood cells count 

analysis, combined histological and immunohistological examination with further densitometric and statistical 

analysis of blood and hemorrhagic stroke zone leukocytes were performed. A synchronized increase in blood 

and hemorrhagic stroke zone levels of both polymorphonuclear and mononuclear leukocytes was observed, 

highlighting the inflammatory nature of hemorrhagic stroke. A delay of 48 hours between peak levels of 

polymorphonuclear and mononuclear leuokocytosis both in blood and the hemorrhagic stroke zone was 

established. Therefore, understanding hemorrhagic stroke as one of the forms of aseptic inflammation 

suggests alternate perspectives in the development of new approaches to diagnosis and treatment including 

interventions into kinetics of blood and hemorrhagic stroke zone leukocytes. 
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ЛЕЙКОЦИТИ ЯК МАРКЕРИ ЗАПАЛЬНОЇ ПРИРОДИ ГЕМОРАГІЧНОГО ІНСУЛЬТУ 

А. М. Яблучанський 

Университетський коледж Лондона, Великобританія  

 

Геморагічний інсульт, що розвивається у відповідь на інтрацерабральнІ геморагії, розглядається з 

позицій асептичної форми запалення. Досліджена динаміка змін лейкоцитів в загальній крові і 

безпосередньо зоні мозкового крововиливу. Експериментальні тварини, пацюки Сраг-Даул, (N = 24) 

після хірургічного втручання були розділені на дві групи — контролю та геморагічного інсульту після 

внутрішньомозкового — введення 2 мкл стерильного фізіологічного розчину або 2 мкл колагенази-IV 

(S) (0,2U), відповідно. Здійснені загальний аналіз крові, гістологічний та імуногістохімічний аналізи з 

подальшими денситометричним та статистичним методами оцінки. Спостерігалась синхронізація в 

підвищенні рівня поліморфноядерних і мононуклеарних лейкоцитів крові та зони пошкодження. 
Встановлено 48-годинне зміщення піків в рівнях поліморфноядерних і мононуклеарних лейкоцитів в 

загальному аналізі крові і зоні геморагічного інсульту. Таким чином, слід розглядати геморагічний 

інсульт в якості однієї з форм асептичного запалення, що може сприяти розвитку альтернативних 

підходів у діагностиці та лікуванні даного захворювання, в тому числі черезі втручання в кінетику 

лейкоцитів на загальному та місцевому рівнях. 

КЛЮЧОВІ СЛОВА: геморагічний інсульт, запалення, колагеназа-індукований геморагічний 

інсульт, експериментальна модель, лейкоцити, нейтрофіли, поліморфноядерні клітини, мононуклеари, 

мікроглія, макрофаги 
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ЛЕЙКОЦИТЫ КАК МАРКЕРЫ ВОСПАЛИТЕЛЬНОЙ ПРИРОДЫ ГЕМОРРАГИЧЕСКОГО 

ИНСУЛЬТА 

А. Н. Яблучанский 

Университетский колледж Лондона, Великобритания 

 

Геморрагический инсульт, развивающийся в ответ на интрацерабральные геморрагии, 

рассматривается в качестве асептической формы воспаления. Были исследованы динамика изменения 

лейкоцитов в общей крови и непосредственно в зоне геморрагического кровоизлияния. 

Экспериментальные животные, крысы Сраг-Даули, (N = 24) подверглись хирургическому 

вмешательству и были разделены на две группы — группу контроля и группу геморрагического 

инсульта — введение 2 мкл стерильного физиологического раствора или 2 мкл коллагеназы-IV(S) 

(0,2U), соответственно. Были осуществлены общий анализ крови, гистологические и 

иммуногистохимические анализы с последующими денситометрическими и статистическими 

методами оценки. Наблюдалась синхронизация в повышении уровня полиморфноядерных и 

мононуклеарных лейкоцитов. Также было установлено 48-часовое смещение пиков в уровнях 

полиморфноядерных и мононуклеарных лейкоцитов в общем анализе крови и в зоне геморрагического 

инсульта. Таким образом, следует рассматривать геморрагический инсульт в качестве одной из форм 

асептического воспаления, что может способствовать развитию альтернативных подходов в 

диагностике и лечении данного заболевания, включая и вмешательство в кинетику лейкоцитов на 

общем и местном уровнях. 

КЛЮЧЕВЫЕ СЛОВА: геморрагический инсульт, воспаление, коллагеназа-индуцированный 

геморрагический инсульт, экспериментальная модель, лекоциты, нейтрофилы, полиморфноядерные 

клетки, мононуклеары, микроглия, макрофаги 

 

INTRODUCTION 

Stroke is the second main cause of death 
worldwide and a major reason of mortality and 
morbidity [1–3]. Hemorrhagic stroke, a result 
of rupture to a blood vessel in the brain, is 
poorly understood and relatively understudied 
[4–6].  

Hemorrhagic stroke (HS) is accountable for 
20 percent of stroke cases [7, 8]. 30 percent of 
patients die within the first month and 23 per-
cent die after a year. Only 65 percent of 
survivors function independently [9–11], the 
rest are significantly disabled and may need 
considerable help with daily tasks [12–15].  

The main goal for developing a treatment for 
hemorrhagic stroke patients lays in the fun-
damental understanding of the nature of its 
reparative mechanisms. 

There are currently few in vivo models for 
studying hemorrhagic stroke, the most frequent-
ly used are: blood and collagenase injection into 
the brain of experimental animal [16–19]. In 
our study we gave the preference to the 
collagenase injection model based on its pro-
perties to destroy the basal lamina of the blood 
vessels, thus causing a «natural» blood leak into 
surrounding tissues, in contrast to blood injec-
tion when the blood is administered in bolus 
and does not represent the mechanistic nature of 
hemorrhagic stroke. The standardization of the 
damage in hemorrhagic stroke is of the upmost 
importance. The blood injection model has been 

reported to be inconsistent [17, 20], whilst the 
collagenase injection model seems to result in 
reproducible round-shape hematoma. 

Hemorrhagic stroke represents one of the 
aseptic forms of inflammation as a compen-
satory defensive reaction of the organism to 
intracerebral hemorrhage damage. However, 
this concept of hemorrhagic stroke has not been 
developed further than a basic idea of inflam-
matory involvement. Present works that investi-
gate certain markers of inflammatory reaction 
[2, 21–25] do not answer the problem as a 
whole, as they are directed to particular tasks 
and lay out the concept of inflammation as one 
of the natural reparative mechanism of 
hemorrhagic stroke. 

One of the leading factors in the inflamma-
tory process are leukocytes [26]. Polymorpho-
nuclear leukocytes migrate to the lesion focus, 
«clean up» from the damaged tissues with 
further mononuclear reaction, which morpho-
logy is determined by the blood stem cells, and 
further connective tissue scarring [27]. The 
quality of these processes and the connective 
tissue scar as the result of these processes 
define the outcome of the inflammation [28–
31]. Mononuclear leukocytes in the hemorrha-
gic stroke zone are represented by the 
microglial/macrophages reaction [32–35]. 

We have not found any publication that 
simultaneously examined changes in the blood 
leukocytes and in the hemorrhagic stroke zone 
hence the reasoning behind this current work. 
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MATERIALS AND METHODS 

Animals and experimental design 

24 Sprague-Dawley male rats (250–350 g) 
were divided into 2 groups: group of hemorrha-
gic stroke and control group with 12 animals in 
each respectively. Experimental animals were 
anesthetized with izoflurane. The midline inci-
sion was made in the dorsal region of the scalp, 
revealing sagital suture with location of bregma. 
Using stereotaxic frame (Stoelting) the cranial 
burr hole was drilled 3 mm lateral to bregma and 
0,2 mm anterior. Using 26g needle 0,2U/2 µl 

Collagenase IV-S (Sigma Aldrich) or 2 µl of 
sterile saline were injected into the right basal 
ganglia (5,5 mm ventral from the skull surface). 
Infusion was performed over 2 minutes and the 
needle was kept at the place of injection for 
2 minutes to avoid backflow of the fluid [18, 36]. 
Bone wax (Johnson and Johnson) was applied 
into the thickness of the bone and the wound 
have been closed with mirsilk sutures (Ethicon). 
Buprenorphine was used as an analgesic (0,1U) 
post operation subcutaneously. The model provi-
ded a development of intracerebral hemorrhage 
of standard size and localization (Fig. 1). 

 

 

Fig. 1. Coronal section of the experimental rats brains performed through zone of injection of 0,2 U/2 µl 

collagenase IV-S (A) and sterile saline (B) on the first day post operation 
 

Experimental animals were examined on 
days 1, 3, 5, 7, 14 and 21 post operation for 
white blood cells analysis, combined histologi-
cal and immunohistological tests with sub-
sequent densitometric analysis of polymorpho-
nuclear leukocytes and microglial/macrophages.  

The rats were sacrificed with lethobarb 
injection (1 ml i/p) according the procedures 
described in the Experimental Animals Act.  

White blood cell analysis 

Rat tail vein blood was collected in EDTA 
tubes and used for white blood cell counts using 
an ADVIA 2120 hematology system (Bayer 
Health Care). The total level of white blood 
cells (*10e

6
/µL) was evaluated and the number 

of polymorphonuclears and lymphocytes (%) 
was calculated.  

Myeloperoxidase staining 

Slides were treated with APTS solution and 
airdried for 24 hours. Sample sections were cut 
at a thickness of 5 µM and placed on APTS 
slides. Each sample was dried over the night at 
60 ˚C. Slides were dewaxed following standard 
procedures using xylene, IMS in different 
concentrations and running tap water. Antigen 
 

retrieval was performed using a citrate buffer in 
a pre-heated water bath for the purpose of 
breaking the protein cross-links, therefore un-
masking the antigens and epitopes in formalin-
fixed and paraffin embedded tissue sections, 
thus enhancing the staining intensity of anti-
bodies. After that sections were washed in PBS 
and allowed to cool. Liquid blocker pen was 
used to contour the tissue in the slides to 
prevent the leak of the liquids used. Goat serum 
was used to block a non-specific-binding in 
sections. Slides were incubated overnight at 
4 ˚C with rabbit anti-human myeloperoxidase 
primary antibody (Dako UK Ltd) in 1:250 
dilution. The next morning slides were washed 
with PBS, treated with H2O2 (Sigma) and 
washed with PBS again, the slides were then 
incubated with ImmPress Kit secondary anti-
body (Vector). Before sections were exposed to 
3,3’-diaminobenzidine tetrahychloride (DAB, 
Research Genetics), they were washed in PBS. 
Sections were counterstained with hematoxylin 
[32], differentiated in acid-alcohol, washed with 
hydrochloric acid and then rinsed in running tap 
water. Slides were then dehydrated using 
different concentrations of IMS and stored in 
xylene until ready to mount.  
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OX-42 staining 

Slides were treated with APTS solution and 
airdried for 24 hours. Sample sections were cut 
at a thickness of 5 µM and placed on APTS 
slides. Each sample was dried over the night at 
60 ˚C. Slides were dewaxed with standard pro-
cedures using xylene, IMS in different concen-
trations and running tap water. Antigen retrieval 
was performed using a citrate buffer in a pre-
heated water bath for the purpose of breaking 
the protein cross-links, which unmasks the anti-
gens and epitopes in formalin-fixed and paraffin 
embedded tissue sections, thereby enhancing 
the staining intensity of antibodies. After that 
sections were washed in PBS and left to cool. 
Liquid blocker pen was used to contour the 
tissue on the slides to prevent the leakage of the 
liquids used. Normal horse serum was used to 
block non-specific-binding in sections. Slides 
were incubated overnight at 4 ˚C with mouse 
anti-rat CD11b (OX42 clone) primary antibody 
(AbD Serotec) in 1:100 dilution. Next morning 
slides were washed with PBS, treated with 
H2O2 (Sigma) and washed with PBS again. 
ImmPressKit secondary antibody (Vector) was 
applied with slides afterwards. Before sections 

were exposed to 3,3’-diaminobenzidine tetra-
hychloride (DAB, Research Genetics), they 
were washed in PBS. Slides were differentiated 
in acid-alcohol, washed with hydrochloric acid 
and then rinsed in running tap water. Slides 
were then dehydrated using different conen-
ctrations of IMS and stored in xylene until 
ready to mount. 

Densitometric cell count 

Densitometric analysis is performed on the 
brain slices stained for MPO, OX42 and hema-
toxylin using free available software ImageJ. 
Slice images are taken using DPX controller 
software microscopically at 400 times optical 
magnification in 7 random different fields of 
view. The number of cells is calculated in all 
the fields of view and presented as a mean for 
the slice. MPO positive stained cells were iden-
tified by the positive immunological DAB 
staining and nuclei counterstaining at x400 
magnification. OX-42 positive stained cells 
were identified by the positive immunological 
DAB staining at x400 magnification. 

An example of positive staining for poly-
morphonuclears and microglia/macrophages is 
represented on the Fig. 2. 

 

 

Fig. 2. Positive MPO stained polymorphonuclears, counterstained with hematoxylin (A). Positive OX-

42 stained microglia cell/macrophage (B). X400 magnification  
 

Statistical evaluation 

Results obtained were statistically examined 
using SPSS Statistics 17.0 software. The mean 
and standard error of the mean were calculated. 
The significance of the differences between 
post-op data to pre-operational data in each 
animal group was evaluated using parametric 
(Student-test) and non-parametric (Mann-Whit-
ney test). The data on the graphs is represented 
by the mean with standard error of the mean. 
Zero-point represents pre-operational data. 

RESULTS 

The saline injection group did not display 
any significant changes throughout the days of 
experiment. The collagenase injection group 
demonstrated a decrease in the number of white 
blood cells on day 1, however, the levels then 
increased to match those of the saline injection 
group by day 3. By day 7 the white blood cell 
count had again increased. Eventually by day 
14 the WBC levels had fallen back to those of 
the saline. The data are represented on Fig. 3. 
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Fig. 3. White blood cells count over 21 days of experiment 

 

The saline injection group showed a 5 % — 
increase on day 1 when compared to pre-opera-
tional data, which was lower than the one in 
collagenase injection group, with an eventual 
return to the state of pre-operational data by day 
3 remaining at this level throughout the rest of 
experiment. Collagenase injection group showed 

rapid 10 % — increase in peripheral blood poly-
morphonuclears number on day 1, further rapid 
decrease on day 3, which was lower than pre-
operational level by 5 %, with further 10 % — 
increase on day 7 and subsequent decrease and 
return to the state of pre-operational data by day 
14 and 21. The data are represented in Fig. 4. 

 

 

 
Fig. 4. Peripheral blood polymorphonuclear cells count over 21 days of experiment 

 

The saline injection group indicated a small 
2 % decrease on day 1, a 4 % increase on day 3, 
reaching the level of pre-operational data by 
day 7 with no further changes during the 
experiment. The collagenase injection group 
demonstrated a 6 % decrease in the number of 
peripheral blood lymphocytes on day 1, a pro-
nounce and significant 12 % increase on day 3, 

with subsequent decrease by day 7, which was 
below pre-operational level. On the 14

th
 day of 

the experiment there was a small increase in the 
number of peripheral blood lymphocytes in the 
collagenase injection group by 5 % followed by 
a subsequent decrease and reaching the pre-
operational data by day 21. The data are 
represented on Fig. 5. 

 

 

Days 
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Fig. 5. Peripheral blood mononuclear cells count over 21 days of experiment 

 

Densitometric cell count  

No polymorphonuclears were present in the 
region of injection throughout the experiment in 
the saline injection group. This was in stark con-
trast to the collagenase injection group which 

demonstrated a significant 18-fold increase in the 
number of polymorphonuclears in the region of 
intracerebral hemorrhage on day 1. This increase, 
however, gradually decreased over days 3 and 
5 reaching pre-operational data levels by day 7 
and 14. The data are represented on Fig. 6. 

 

 

 
Fig. 6. Densitometric cell count analysis: number of polymorphonuclear cells in intracerebral 

hemorrhage zone per field of view 
 

There was no difference in the number of 
microglial cells/macrophages compared to pre-
operational data throughout the experiment in 
animals from the saline injection group. The 
collagenase injection group demonstrated a 
20 — fold increase in the number of microglial 
cells/macrophages in the region of intrace-
rebral hemorrhage on day 1, which was 
significantly higher than in saline injection 

group. By the 3
rd

 day of experiment a further 
1,3 — fold increase in the number of 
microglial cells/macrophages in collagenase 
injection group was observed. However, this 
was followed by a gradual 1,75 — fold 
decrease on day 5, reaching the level of the 
saline injection group and pre-operational data 
by days 7 and 14. The data are represented on 
Fig. 7. 

 

 

Days 
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Fig. 7. Densitometric cell count analysis: number of microglia cells/macrophages in intracerebral 

hemorrhage zone per field of view 
 

DISCUSSION 

Our experiments determined leukocyte 
changes in the blood and in the zone of he-
morrhagic stroke and correlate them with 
changes associated with aseptic inflammation 
of any nature.  

System level of inflammation possesse a 
pivotal role in inflammatory response. It mobi-
lizes organism system regulations as a result to 
injury and organizes a reparative process with 
the best possible outcome. The main role in the 
system level of inflammation belongs to the 
general adaptation syndrome or stress-
syndrome [37]. 

One of the most important factors of system 
level of inflammation is leukocyte reactions in 
peripheral blood [38, 39]. These reaction form 
cell pools that generate leukocyte infiltrations in 
zones of damage, which provide destruction 
and elimination of injured structures and their 
replacement with connective tissue [44]. 

Most biochemical factors of inflammation, 
such as transaminases, phosphatases, reactive 
stage proteins, leukotrienes, cytokines (TNF 
alpha in particular) are connected with leuko-
cyte reactions in peripheral blood [41–43]. 

Leukocyte reactions are generally greater in 
microbial inflammation and smaller in aseptic 
inflammation [44–46]. During microbial in-
flammation, the leukocytosis factors are repre-
sented by the products of microorganisms’ ca-
tabolism and lesion focus, in contrast to aseptic 
inflammation when leukocytosis factors are 
represented by products of lesion focus only.  

In our research, the saline injection group 
did not demonstrate changes in WBC from pre-
operational data. The collagenase injection 
group demonstrated a decrease in the number of 
WBC on day 1 followed by an increase peaking 

on day 7 and subsequent reduction to the level 
of saline injection group and pre-operational 
data level. These changes of WBC in 
experimental animals subjected to collagenase 
injection meet a scheme of leukocyte changes 
in aseptic inflammation [47]. 

Leukocyte reaction during inflammation in 
experimental animals are mainly characterized 
with phase changes in quantity and activity of 
polymorphonuclears and lymphocytes [48–50], 
which is what we observed in the results of cur-
rent paper.  

By injecting saline, although there is no in-
tracerebral bleeding, there is damage to the 
skull skin and bone integrity, to the brain tissue 
by needle insertion and pressurizing the tissue 
due to the liquid being injected, thus triggering 
an inflammatory response of the organism that 
was observed on a system level. This was 
demonstrated byan increase in peripheral blood 
polymorphonuclears on day 1 with further its 
stabilization by day 5 and a small increase in 
the number of peripheral blood lymphocytes on 
day 3 with further stabilization by day 5. Initial 
changes of leukocytes in the system level of 
saline injection group suggest adaptive mecha-
nism of inflammation to any injury of the body, 
indicating an immediate response on the system 
level [25]. 

Polymorphonuclearic reaction in peripheral 
blood possesses phase characteristics. Although 
changes in peripheral blood polymorphonu-
clears in collagenase injection group are similar 
to the ones in saline injection group on day 1, 
the rate is much more pronounced. In contrast 
to the saline injection group, when starting from 
day 1 we observed a decrease in the number of 
peripheral blood polymorphonuclears towards 
the level of pre-operational data, the level of 
polymorphonuclears in the collagenase injec-

Days 
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tion group demonstrated a significant decrease 
which was lower than in the pre-operational 
data on day 3 followed by a pronounced in-
crease on day 7, which was stabilized to pre-
operational data level only by day 14. A pro-
nounced increase in the number of polymor-
phonuclears in peripheral blood on the first day 
of experimental hemorrhagic stroke may be ex-
plained with system reaction of the body to in-
jury and stress and follows the processes that 
take place in aseptic inflammation [51]. A rapid 
decrease in the number of blood polymor-
phonuclears on day 3 in collagenase injection 
group can be explained by their consumption in 
zone of intracerebral hemorrhage, where the 
processes of destruction are under way [52], 
and by release of lymphocytes into the main 
stream [53]. Day 7 increase in the number of 
peripheral blood polymorphonuclears may be 
explained by large number of polymorphonu-
clears consumed with zone of intracerebral 
hemorrhage and thus the need to restore its 
numbers, and with their role in initiating the 
reparative processes [52].  

Lymphocytic reaction in peripheral blood 
possesses phase characteristics as well. A rapid 
increase in their number on day 3 might de-
velop from stimuli that come from a destruction 
zone and their decrease on day 5 might be 
explained by their consumption in zone of in-
tracerebral hemorrhage. Further increased num-
ber of peripheral blood lymphocytes till the end 
of experiment correlates with patients’ 
hemorrhagic stroke data and might be explained 
by change in their role from microglial 
cells/macrophages to the ones that provide a 
proliferative stage of inflammation of tissue 
replacement [54–57]. 

Changes observed in the number of blood 
leukocytes, phase changes of polymorphonu-
clears and lymphocytes in particular, in general 
correspond to the changes observed in human 
patients [24, 47, 58–62]. 

Being a physiological substance, saline in-
jection did not result in any intracerebral 
hemorrhage in the hemisphere subjected to 
treatment. In contrast, collagenase injection re-
sulted in a hematoma which occupied 30 % of 
the affected hemisphere. This is due to colla-
genase properties of disrupting a basal lamina 
of the vessels, thus contributing to the blood 
leak [63]. 

Saline injection did not affect the level of 
polymorphonuclears present in zone of needle 
insertion, nor any changes in the number of 
microglial cells/macrophages. In contrast, 
collagenase injection showed a rapid increase in 
the number of polymorphonuclears in zone of 
intracerebral hemorrhage, which peaked on day 
1 and gradually decreased to the level of pre-

operational data by day 5 and 7. As for micro-
glial cells/macrophages, collagenase injection 
group showed an increase in their number in the 
region of intracerebral hemorrhage with maxi-
mal peak on day 3 with subsequent gradual 
decrease and reaching the levels of pre-opera-
tional data.  

An increased number of polymorphonu-
clears in the zone of intracerebral hemorrhage 
correlated with other authors, who indicated 
polymorphonuclear infiltration in other experi-
mental models of hemorrhagic stroke to begin 
and be present in the zone of intracerebral 
hemorrhage within 12 hours post ictus [32, 64]. 
Polymorphonuclear infiltration within the zone 
of intracerebral hemorrhage in our experimental 
model correlated with the basis of aseptic in-
flammation whereby polymorphonuclear 
attraction into zone of injury with the purpose 
to destroy damaged tissues [35], with other 
inflammatory models of hemorrhagic stroke 
[32, 40] and human patients’ data with 
hemorrhagic stroke [65, 66]. The destruction of 
damaged tissue in early stages of inflammation 
occurs via a variety of bioactive enzymes re-
leased from polymorphonuclears in the zone of 
injury, such as gelatinase, collagenase, 
glucoronidase, elastase, myeloperoxidase, 
phosphatase, etc. [67, 68, 69, 70, 71]. Polymor-
phonuclears activity and attraction is regulated 
via production of a various cytokines [72, 2], 
e. g. TNF-alpha has been shown to mediate 
apoptosis and burst of polymorphonuclears 
[42], produced by macrophages and various 
antibodies produced in body to control poly-
morphonuclears life span [73]. Barone and 
Feuerstein showed that peripherally derived 
cytokines can cross the blood-brain barrier [74], 
the permeability of which increases after 
intracerebral hemorrhage [75]. There is a strong 
link between polymorphonuclears in the early 
stage of inflammation to its next stage of 
microglia/marophageall infiltration and this was 
described by Atzeni et al., who demonstrated 
that polymorphonuclears are responsible for 
early activation of T- and B-lymphocytes [76].  

An increase in the number of microglial 
cells/macrophages that was observed in our ex-
perimental model of hemorrhagic stroke, which 
peaked on day 3, is explained by demands of 
lesion focus, that is already undergoing the 
processes of destruction, elimination of 
damaged tissue, that agrees with basis of asep-
tic inflammation. It was shown that microglial 
cells/macrophages are engaged with the number 
of cytokines, which in our case are widely pro-
duced by polymorphonuclears and with 
products of catabolism in the injured zone, thus 
gaining a signal for their further activation and 
infiltration [77, 2]. Microglial cell/macrophages 
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changes correlated with human patients data 
suffering hemorrhagic stroke [78, 46] and work 
by other authors in their experimental models of 
hemorrhagic stroke [64, 79, 80] which indicated 
them to peak around 48 hours post ictus. 
Finishing their cleavage role, microglial 
cells/macrophages undergo apoptosis as a 
preparation for the next stage of inflammation. 
Bzowka et al. demonstrated that macrophages 
undergoing apoptosis change their cytokine 
production profile, indicating a downregulation 
of pro-inflammatory cytokines and upregulation 
of anti-inflammatory ones, leading to prolifera-
tion stimulation [81]. Apart from cytokines 
produced in microglial cells/macrophages, a 
variety of proteases released from those, such as 
cathepsins for example, contribute to tissue re-
pair as well [82].  

Further decreases in the number of poly-
morphonuclears and microglial cells/ 
macrophages in the zone of intracerebral 
hemorrhage and their increase in peripheral 
blood that was observed on day 7 for polymor-
phonuclears and prolonged increase in the 
number of peripheral blood lymphocytes 
starting from day 14 suggest their involvement 
in the signalling and engagement process of 
recovery. Butterfield et al. demonstrated these 

cells to be responsible and strongly connected 
to the reparative processes running in inflam-
mation [52]. A strong connection between cell 
kinetics in zone of intracerebral hemorrhage 
and in peripheral blood suggests a strong link 
between system level with local level of 
inflammation. 

CONCLUSION 

Hemorrhagic stroke should be considered 
one of the aseptic forms of inflammation as a 
response to intracerebral hemorrhage damage. 
The main role during these phenomena belongs 
to the leukocytes, which should be investigated 
in a combined study on the blood and 
hemorrhagic stroke zone levels. Dynamics of 
changes in blood leukocytes and leukocytes in 
the hemorrhagic stroke zone are synchronized 
by time. There is approx 48 hours delay in the 
peak levels between polymorphonuclear and 
mononuclear leuokocytosis both in blood and 
hemorrhagic stroke zone.  

If we consider hemorrhagic stroke as one of 
the forms of aseptic inflammation we can 
develop new approaches to its diagnosis and 
treatment and consider interventions into 
kinetics of blood and hemorrhagic stroke zone 
leukocytes. 
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