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Introduction

Aim. To define the development of herpes virus infection and morphological changes in the brain a upon a
cerebrovascular accident. Methods. The experiments were performed on white mice weighing 18-20g. The
animals were infected with type I HSV. Stroke was simulated after recovery and the rate of virus reactivation
was determined. The rate of HSV production was evaluated by determination of viral antigens in Vero cell
culture, PCR and dot-ELISA methods. The neurodegenerative process was confirmed by histological exami-
nation. Results. Reactivation of HSV-I was detected after the stroke. Histological study confirmed anincreased
degree of neurodystrophic process around the hemorrhage, including hippocampus. A diagnostic value of the
molecular methods has been proven in the detection of herpes infection in the biological samples (plasma,
homogenates of animal organs). Conclusions. This study provided new data on the pathogenesis of herpes
virus infection after acute stroke and its place in the development of complications. We have shown that the
ischemic brain damage was a factor of type I HSV reactivation and it was characterized by a higher rate of
neurodegenerative changes in hippocampus as compared to the isolated development of neuroinfection or
impairment of cerebral circulation.
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the appearance of [gG 16 days after the stroke. At the
same time it was shown that antiviral treatment, acy-

Recently there has been an essential expansion of the
spectrum of diseases associated with herpes viruses.
Herpes viruses belong to the most widespread vi-
ruses causing various diseases in humans [1-4].
Herpes simplex virus (HSV type I and II) persists in
the immunosuppressed patients and may cause men-
ingitis, and vasculitis [5—7]. Relationship between
the development of ischemic and hemorrhagic stroke
in the presence of HSV was described in a number of
studies [1, 8, 9]. Reproduction of virions occurs
within quite a short period of time as indicated by

clovir in particular, does not prevent post-stroke
HSYV reactivation [9].

An early diagnosis of the viral infection activation
is no less critical, including the assessment of the her-
pes infection contribution to the development of
stroke depending on the specific features of detecting
virus in plasma and CSF of patients and experimental
animals. HSV is detected by PCR, ELISA, and by
specific IgM and IgG titer. As shown by PCR testing
the rate of virus detection in plasma is 29 %, and 59 %
in CSF [6]. These data make [relevant] the study of
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the potential post—stroke reactivation of HSV and its
role in the progression of neurodegenerative changes.

The study was aimed at investigating the mutual
effect of impaired cerebral circulation and activation
of herpes virus infection induced by it on the state of
brain cells.

Materials and Methods

Experiments were conducted on white mice weigh-
ing 18-20 g. The animals were subdivided into
4 groups (Table 1).

Table 1. Groups of experimental animals

Group Number of animals
Control 10
HSV-1 110
Stroke 15
HSV-I+stroke 37

HSV-I reactivation was studied on [the] herpetic
meningoencephalitis model. Being suitable for as-
sessing severity of symptoms, this model is 100 %
reproducible and does not require any additional
methods of control. The freeze-dried HSV type I VC
strain was used. 0.03 ml of viral material, which
equals to LD50, was inoculated into the brains of
mice. Initial symptoms of the infectious condition in
the control were observed 5—6 days after the infec-
tion and reached their maximum by day 13—14 with
the following subsidence of symptoms and recovery
of animals. We assume that this is the time when
HSV-I transfers into its latent form.

On day 3040 after the regression of the viral infec-
tion signs (weakness, hypokinesia, decreased food
and water requirements) a hemorrhagic stroke was
simulated in the survivors. Cerebral hemorrhage in
animals was simulated by inoculation of 0.15-0.2 ml
of autologous blood into the right hemisphere (L=1.5;
H=3.0; AP=1.0) — Hamo pacmudposars? [10].

PCR and dot-ELISA were used to confirm [the]
HSV-I reproduction by detecting viral antigens in
Vero cell culture. Vero cell culture was grown in
sterile trays (“Nunc”). The infected trays were incu-
bated in culture medium (88 % RPMI 1640 medium

“Sigma”) with addition of 12 % of heat inactivated
fetal calf serum (FCS) and antibiotics at 37 °C with
5 % of CO, Cytopathic activity (CPA) — syncytia
formation — served as a marker of viral reproduction.
CPA has been registered for 67 days.

HSV-I DNA in biological specimens was found
by PCR with hybridization-fluorescent detection us-
ing the set of reagents “AmplySensR HSV- 1, II-FL”.
“DNA-sorb-AM” set of reagents was used for DNA
extraction. DNA was extracted from each studied
specimen in the presence of internal control speci-
men (BKO-FL).

Dot- ELISA was performed on nitrocellulose fil-
ters. The filters with the applied specimens were
dried and immersed in the solution containing
30 mg/ml BSA in 0.01 M Tris pH 7.5 —-0.15 M NaCl
buffer, and incubated for two hours at 37 °C. After
the incubation in PAP (peroxidase-antiperoxidase
complex) the filters were rinsed six times and im-
mersed into the substrate for an enzyme to develop:
3.8 ml of DAB (diaminobenzidine tetrachloride) +
0.2 ml of 0.1 % H,0, The reaction was registered
when the centers of the wells turned yellow.

For histological examination the murine brain was
fixed in 10 % formalin solution in 0.1 M phosphate
buffer (pH 7.4), dehydrated in increasing concentra-
tions of ethanol and embedded in paraffin as per the
standard procedure. The paraffin slices 6—8 pm thick
were stained with hematoxilin and eosin.

The morphometric study included assessment of
the changes in the number of damaged neurons in
the frontal hippocampal sections. The microphoto-
graphs were taken with Olympus BX 51 microscope.
The morphometric analysis was performed using
CarlZeiss (AxioVision SE64 Rel.4.9.1) software,
magnification x400. Statistica 6.0 software was em-
ployed for statistical processing of the obtained data
using Student t-test.

Results and Discussion

[The] Presence of HSV in the experimental speci-
mens was confirmed by the methods of molecular
biology. Dot-ELISA detected HSV type I in 100 %
[of] specimens of blood serum and brain homoge-
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Fig. 1. Hippocampus of mice from the control and study groups. Th
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e increased degree of neurodegenerative changes in hippocampal

neurons of animals with herpes virus infection after simulated stroke. Legend: 1 — control; 2 — stroke; 3 — HSV-I; 4 — HSV-
I+hemorrhagic stroke; <= — intact glial cell; «gmm — intact neuron; === — apoptotic glial cell; —-=mlif — apoptotic/necrotic neuron.

H&E. Scale — 100 pm.

nates. PCR also confirmed HSV-I DNA reproduction
in the groups of experimental animals in the acute
(day 5) and long term (day 30) periods of herpetic
infection. HSV-I was also found in 100 % [of] speci-
mens obtained from animals with latent infection
which developed after the simulated stroke.

CPA assessment on Vero culture allowed quantifi-
cation of the rate of HSV-I reproduction in biologi-
cal specimens. The changed infection titer in the ex-
perimental animals within 5-30 days after infection
was found in:

animals HSV-I carriers — CPA decreased from

2.0 up to 1.2 LDsyand in the brain from 3.2 up
t0 2.0 LDs;
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animals HSV-I carriers after the stroke — in-
creased CPA in serum and brain from 1.4 up to
3.0 LD,

Histological methods have confirmed the in-
creased volume of the neurodystrophy focus in brain
structures during the stroke simulation in animals
HSV-I carriers. The morphological signs of herpes
virus infection included emergence of multinucleo-
lated hypertrophied neuronal nuclei and atypical
perinuclear space, and apoptotic hyperchromatic
neurons (Fig. 1). The local hemorrhage, focal sites
with signs of necrosis and swelling of the nerve tis-
sue in the internal capsule, in the corpus callosum,
hippocampus and sensory motor cortex were found
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Table 2. Results of molecular-biological and histological studies

in animals with right hemisphere stroke. Swelling
was associated with the change of morphometric
neuronal indicators — the nucleus area increased by
18.3 % (p<0.05) (Table 2). Stroke simulation in the
animals-HSV-I carriers resulted in a dramatic in-
crease in the number of neurons with signs of apop-
tosis and necrosis, and the increase of neurodegen-
erative changes rate up to 28.8 % (p<0.05).

Thus, the results of the complex virological and
histological study provided new data on the herpes
virus infection pathogenesis associated with the
stroke. The specific features of the infectious pro-
cess development presented in the study on quite a
big number of laboratory animals have confirmed
the hypothesis about the reactivation of latent HSV-1
in CNS after the local stroke. The development of
immune deficient states, which might be caused by
traumatic and ischemic damages of the nervous sys-
tem is considered to be the cause of HSV-I reactiva-
tion [1, 9]. The increased rate of structural hippo-
campal changes observed in the study after the
simulated hemorrhagic stroke in the animals HSV-I
carriers may be explained by the dysfunction of the
local immune competent cells, since micro glial
cells are known to produce chemokine and cyto-
kines, initiating the cascade of neuro-immune re-
sponses [11]. However, no signs of leucocyte infil-
tration and gliosis were registered in the hippocam-
pal regions, conversely, a significant number of
apoptotic glial cells was observed, which is also a
sign of progressive neurodegenerative change in the
presence of concurrent impairment of cerebral cir-
culation and hence the factor of exacerbation of the
pathological condition. The data obtained are im-
portant for understanding the pathogenesis of her-
pes virus infection.

Group PCR dot-ELISA CAP otiftte}flilr;:ctious Arfl'?1 ;fe irje:ll;)znal Percentagen(ﬁ)j1 f(}))r(l)sfjt;:ic/necrotic
Control - - - 87.6£2.0 3.4+0.1
HSV BIIT'-1 + + 2.0+£0.0 54.4+1.7 59.54+5.6
Stroke - - - 103.4£2.4 78.749.1
HSV-I+stroke + + 3.0+0.3 63.9+£2.7 88.3+£5.3
Conclusions

The experimental study has provided new data re-
garding the pathogenesis of herpes virus infection
after the acute stroke and its place in the develop-
ment of complications. It has been shown that the
ischemic brain damage is a factor of the type Il HSV
reactivation and is characterized by a higher rate of
neurodegenerative changes in hippocampus as com-
pared to the neuroinfection or the impairment of ce-
rebral circulation developed independently.
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B3aemuuii BiiiuB akTuBauii repnecsipycHoi ingexuii,
onocepeaKoBaHOI MOPYLIEHHSM MO3KOBOI0 KPOBOOOIry,
Ha CTaH KJIITHH I0JIOBHOTO MO3KY

A. B. I'ymenrok, H. B. Motopaa, C. JI. Pu6anxo,
C. I. CaBocsko, JI. M. Cokypenko, }O.b. HaiikoBcbkuid.

Mera. Jlociniguty B3a€MHUH BIUTUB HOPYIICHHS MO3KOBOT'O KPOBO-
00iry Ta OHOCepeaKOBaHOI HUM aKTHBAIlil reprecBipycHo iHdeKIii
Ha CTaH KIJITHH rojloBHOro Mo3ky. Meroau. IIpoBezieHO ekcriepu-
MEHTaJIbHE TOCIIDKeHHS Ha Ounx Mumiax Baroto 18—20 r. TBapuH
3apakanu BIIT I Tuy, miciist BUJTIKOBYBaHHS MOJCITIOBAIIH HCYJIBT
i BU3HaYau piBeHb peaktuBallii Bipycy. PiBens mpomykuii BIIT
OLHIOBAJIM METOJIOM BH3HAYEHHsI BIPYCHHUX aHTHICHIB Y KyJBTypi
xinituH Vero, meroroM I1JIP i dot-ELISA. Hetiponereneparusauii
MpOIeC BHBYAJIM TiCTOJOTTYHUM JOCTIKEHHSAM. Pe3yiabraru.
[licns excriepMEHTAIBHOTO 1HCYJIBTY BCTAaHOBJIEHO PEaKTHBALIIO
BIII" I Tumy. T'icTonmoriyHuM AOCITIHPKEHHSIM MiATBEPKEHO HAsIB-
HICTh HEHPOAMCTPO(IYHOTO MPOLIECY HABKOJIO BOTHHUINA KPOBOBH-
JIMBY, 30KpeMa — y Trinokamiri. Pobora nmponeMoHcTpyBaa JiiarHoc-
THUYHY I[IHHICTH MOJIEKYJISAPHO-010JIOTIYHUX METOIB Y BUSBICHHI
reprecBipycHOI iH(eKMii y 0i0ioriyHuX 3pa3kax (IUia3sMi Kposi,
TOMOTeHaTax OpraHiB TBapuH). BucHoBkm. ExcnepumeHnranbhne
JOCTI/KEHHsT JIaJl0 HOBI JaHi IIOZI0 MaTOTreHe3y reprecBipycHOT
iH(eKIi mcis rocTporo iHCYNBTY Ta 1 MiCLI y PO3BHTKY YCKIA/-
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HeHb. JIomaTKoBO MOKa3aHo AIarHOCTHYHY LIHHICTB Ja00PaTOPHUX
MetofiB Bu3HaueHHs BIIL.

Kawdori caosa: repriec, iHch'ILT, Z[iaFHOCTI/IKa, 11aTOr'CHE3.

B3auMHoe BiusiIHHE aKTHBALUM FeprecBUPYCHOI
HHG}eKIUHU, ONIOCPEI0BAHHON HAPYILIEHHEM MO3I0BOI0
KPOB0OOpaIlleHNs1, HA COCTOSIHUE KJIE€TOK r0J1I0BHOI0 MO3ra

A. B. I'ymenrok, H. B. Motopnas, C. JI. Peibanko,
C. 1. CaBocsko, JI. M. Cokypenxo, 1O. b. Haiikockuii.

Iles1b. M3y4HUTH B3aNMHOE BIVSTHHE HAPYIIEHUSI MO3TOBOTO KPOBOO-
OpallleHHs ¥ OTIOCPEIOBAHHON MM aKTHBAIIHH TePIICCBUPYCHON WH-
(deximM Ha COCTOSIHME KJIETOK TOJIOBHOTO Mosra. MeTonsl.
[TpoBeaeHO KCIEPUMEHTAIBHOE MCCIIEIOBAaHUE Ha OEJIbIX MBbIIax
BecoM 1820 . JKuBotHbIx 3apaskamu BIII' I tuna, nocie usinedeHust
MOZIETMPOBAIIY HHCYIIBT U OLPEAEISUIN YPOBEHD PEAKTUBALUY BUPY-
ca. YpoBenb npoaykuuu BIITT orneHrBammu MeTonom ornpeneneHus
BUPYCHBIX aHTHTCHOB B KYJBType KIeTok Vero, MetomoM [P u dot-
ELISA. HeiiponereHepaTuBHbIi MPOLECC HU3y4ald THUCTOIOTHYe-
ckuM uccnenoBanueM. Pesyabrarsl. Ilocne sxcnepruMeHTanbHOTrO
UHCYIIBTa ycTaHoBneHa peakrusanyst BIT I Tuna. ['ucronornueckum
HCCIIE/IOBAHHEM ITONTBEPK/ICHO HATMUNE HEHPOAUCTPO(UIECKOro
TIporiecca BOKPYT Odara KPOBOM3IMSHMS, B YACTHOCTH — B THIIIO-
Kkamrie. PaboTa mpogeMoHCTpHpoOBaa JUarHoCTUIECKyIO IEHHOCTh
MOJIEKYIIPHO-OUOIOrMYECKIX METOIOB B BBISIBIIEHHH I'€PIIECBUPYC-
HOI MHGEKIMH B OMOIOTHYECKUX 00pasiiax (Ta3Me KpOBH, TOMOre-
HaTax OpraHoOB )KUBOTHBIX). BBIBOABI. DKCIIEpHMEHTAIBHOE HCCTe-
JIOBaHUE J1aJI0 HOBBIC JAHHbIC O MATOTE€HE3¢ IepPlICCBUPYCHON UH-
(hexmym 1ocIIe OCTPOTO MHCYIIBTA M €€ POIU B Pa3BUTHH OCIIOXKHE-
Hui. JIONONMHUTENBHO TTOKa3aHa JUarHOCTUYECKas IIEHHOCTh J1a0o-
partopHbIX MeTon0B onpezeneHust BIIT

KnawueBbie ciaoBa: reprec, MHCYJIbT, IMarHOCTHKa, ITaTOrCHES.
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