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Abstract
O. M. Nika, EARLY AND REMOTE RESPONSE OF HIF-1A PROTEIN IN

0. V. Zaliavska,

O. V. Kaushanska,

Bukovinian State Medical Univer-
sity, Chernivtsi, Ukraine

THE HIPPOCAMPUS FIELDS TO ISCHEMIA-REPERFUSION
IN RATS WITH DIABETES MELLITUS

Introduction. The role of the transcription factor Hif-1a in
pathogenesis of hypoxic lesions and diabetes mellitus (DM) has been
confirmed, though molecular mechanisms underlying dysfunctions of
the factor in the association of DM with ischemic-reperfusion lesion
of the brain remain unknown.

Objective: the investigation of Hif-1a protein content in the
neurons of the hippocampus fields of rats with experimental DM in
the dynamics of ischemic-reperfusion lesion of the brain.

Materials and methods. The study was conducted on 60 6-month
rats with DM simulated at the age of 2 months by means of a single
administration of streptozotocin (60 mg/kg of the body weight)
(Sigma, USA). Disorders of the cerebral circulation were simulated
by means of occlusion of both carotid arteries for 20 minutes. The
content of Hifl-a protein was determined by means of
fluoroimmunoassay after 20-minute ischemia with one hour
reperfusion, and on the 12" day of the post-ischemic period in the
hippocampus fields: CA1, CA2, CA3, CA4.

Results. In rats without DM 20-minute ischemia with one hour
reperfusion increases the content of Hif-1a protein in all the
hippocampus fields. On the 12" day of ischemic-reperfusion period
in CA2-CA4 hippocampus fields the values of certain examined
activity indices of the transcription factor Hif-1a continue to
increase, and in CAL1 field they are normalized or come closer to the
values of animals from the control group. In rats with DM at the
early post-ischemic period changes of Hif-1a protein content are
lacking in CA1l field, the signs of its reduced activity are found in
CA2 field, in CA3 field they are limited by the response of one
index, and in CA4 field they are similar to those of the control rats
under the experimental conditions. On the 12" day of ischemic-
reperfusion period all the activity indices of the transcription factor
Hif-1a increase in CA1 filed. They are higher than the corresponding
indices in animals from the control group by absolute values under
similar experimental conditions; changes of the examined parameters
are limited in CA2 and CA3 fields in comparison with those from the
control group; the parameters, which increased in the control group
of animals, decreased in CA4 field.
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Conclusion. DM restricts Hif-1o protein response to ischemia-
reperfusion in the neurons of CA1-CA3 field at the early ischemic-
reperfusion period and in the neurons of CA2-CA4 fields — on the
12" day of the observation.
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PAHHSI TA BIACTPOYEHA PEAKIISA BIJIKA HIF-1A
B IIOJIAX T'IIIOKAMIIA HA IHIEMIIO-PENNEP®Y3IIO
B IIYPIB I 3 HYKPOBUM JIABETOM

Mera. Busuenns Bmicrty Gimka Hif-1o (paktop iHmIyKOBaHHIA TiMOK-
cieto lo) B HelpoHax IOJIB TilOKamIia HIypiB 3 E€KCIEepPHMEHTAIbHUM
I/l y auHamini imemigyHO-penep(y3iHHOrO YIIKOIXKEHHS T'OJIOBHOTO
MO3KY.

Martepianu Ta Meromn. JlociipkeHHsI BUKOHAHO Ha 60 6-MiCIYHUX
HIypax, SK|M Y Billi Ba Micsii MoaemoBanu [1J] onHOkpaTHUM yBeIeH-
HAM cTpento3otonuHy (60 mr/kr macu Tina) (Sigma, CIIA). ITopymeH-
HSI MO3KOBOT'O KPOBOOOITY BiATBOPIOBAIH MIISTXOM OKJIIO3i1 000X COHHUX
aprepiii mpotsrom 20 xBunuH. YMict Oinka Hifl-o Bu3Hagamm Metogom
iMyHOQITyopecteHmii micus 20-XBIWIMHHOI IMeMii 3 OJHOTOIUHHOIO pe-
nepdysiero Ta Ha 12-Ty 100y MOCTIMIEMIYHOTO TEPioay B MOJSIX TillOKa-
mna CAl, CA2, CA3, CA4.

PesyabraTn. Y mrypis 6e3 I1J] 20-xBunuHHaA imeMis 3 OJXHOTOIUH-
HoOw penepdysiero miaunrye Bmict Oinka Hif-1a B ycix mocmimxeHHX
noysx rinokamna. Ha 12-ty no0y imemivHo-penep¢y3iiiHoro nepioay B
nossx rinokammna CA2-CA4 3Ha4€HHS OKPEMHX JOCIIHKEHHX OKa3HH-
KiB aKTUBHOCTI TpaHCKpHIIiiiHOTO (hakTopa Hif-1o mpomoBxyroTs 3poc-
TaTH, a B molli CA1l — HOpMai3yroThCs a00 HaOJIMKAIOTHCS A0 3HAYCHBb
y TBapuH KOHTpOJBHOI rpynu. Y mypiB i3 L/l y paHHROMY TOCTiIIEMiY-
HOoMy miepioai B moni CAl 3minu BmicTy Oinka Hif-lo BincyTHi, B modi
CA2 HasBHI O3HAK{ 3HH)KEHHs Horo aktuBHOCTI, B moii CA3 — oOme-
’KEHI peaxlliero OJHOro MokazHuKa, B noii CA4 MatoTh TakUi ke Xapax-
Tep, K 1 B KOHTPOJBHUX LIYPiB, 332 JJAHUX €KCHEPHUMEHTAIbHUX YMOB.
Ha 12-ty no0y imemiuHo-penepdysiitnoro nepiony B noni CAl 3poc-
TalOTh yCi MOKa3HUKHM aKTUBHOCTI TpaHCKpumnuiiiHoro ¢axropa Hif-1a,
3a aDCOJIIOTHUMH 3HAYEHHSMH TIEPEBHUILYIOYH BiJIIOBI/IHI Y TBApUH KOH-
TPOJILHOT TPyNHU 3a THX K€ €KCHEepHMEHTAIbHHX yMoB; B moii CA2 i
CA3 3MiHH OCTIIKCHHUX MapaMeTpiB 0OMEXCHi MOPIBHIHO 3 TAKUMH Y
TBapuH Tpynu KOHTpouto; B moiii CA4 3HMXKYIOTBCS NMOKa3HUKH, SKi Y
TBapUH I'PYIH KOHTPOJIIO 3a3HAJIN 3POCTaHHSI.

Bucnoskn. Haseuicts 11J] cipusie 3HMKEeHHIO akTHBHOCTI Oinka Hif-
la mig gac imemii-penepdysii B Heiiponax noxis CA1-CA3 y panHROMY
imeMigHO-penepdysiiiHoMy mepioni Ta B Heifponax moniB CA2-CA4 —
Ha 12-Ty 100y crocTepexeHHs.

KurouoBi ciioBa: mykpoBwmii miabeT; imemis-penepdysisi TOJIOBHOTO
MO3Ky; 6imox Hif-1a.
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Introduction

Inadequacy between oxygen supply and its
requirement is universally known to initiate a series
of biochemical and molecular events resulting in
death of neurons in the brain during its ischemic-
reperfusion lesion. In this situation protective
cellular mechanisms are activated in the cerebral
tissue and induction of different transcription factors
in particular. Hif-1a factor induced by hypoxia plays
an important role among them. Hif-1a factor is a
transcription regulator of oxygen homeostasis and a
key factor promoting formation of an adaptive
response [1, 2]. Hif-1a is a powerful regulator of
various target genes which increase erythropoiesis,
stimulate angiogenesis through the activation of the
vascular endothelial growth factor, provide an
adequate metabolism of glucose and its transport into
the neurons, promote maintenance of the
mitochondrial structure and survival of cells [3, 4].

Meanwhile, not all the researchers identically
estimate the role of Hif-1a. At the same time, not
only neuroprotective but neurotoxic effects of Hif-
la have been experimentally obtained. The latter
are realized through the increased activity of p53
gene product — p53 protein and other factors of
apoptosis activation [5]. Moreover, Hif-la
participates in killing cells by means of necrosis
interacting with calcium and calpain; it is able to
intensify brain edema increasing permeability of the
hematoencephalic barrier [6-9]. Protective effects
of Hif-1a are considered to be realized mainly in
case of mild hypoxia and neurotoxic effects — in
severe one.

In addition to hypoxia, hyperglycemia is a
powerful regulator of Hif-1a activity [8]. In their
turn, hypoxia and hyperglycemia are the main
factors determining chronic complications of
diabetes. Scientific works in recent years have been
indicative of the fact that Hif-la destabilization
transduced by hyperglycemia is manifested by the
loss of cellular response to hypoxia with diabetes
complications, which in turn produces a negative
effect on adaptation of cells and tissues to low
oxygen content [10, 11]. The mechanisms of Hif-1a
stabilization by hypoxia are substantially studied,
but destabilization and reduced activity of this
factor under conditions of hyperglycemia remain
disputable. Methylglyoxal effect is one of the
recently found mechanisms of destabilization and
functional repression of Hif-1a with DM. It is
accumulated under conditions of high glucose level
and leads to quick protease-dependent degradation

of Hif-la. under hypoxic conditions [10].
Inconsiderable hyperglycemia activates Hif-1a
signalization in certain specific types of cells, but
high glucose content inhibits it [12].

The role of the transcription factor Hif-1a. in the
pathogenesis of hypoxic lesions and DM seems to
be confirmed, though the mechanisms of its
activation and destabilization are still actively
investigated. At the same time, molecular
mechanisms underlying dysfunctions of this factor
in combination of DM with ischemic-reperfusion
lesion of the brain remain uncertain.

Objective of the study: to investigate the
parameters of the transcription factor Hif-la
activity in the neurons of the hippocampus fields of
rats with experimental DM in the dynamics of
ischemic-reperfusion lesion of the brain.

Materials and methods. The study was
conducted under conditions of simulated bilateral
carotid ischemia by means of 20-minute clipping of
both common carotid arteries with reperfusion of a
different duration in rats without DM and with it.
DM was simulated by means of streptozotocin
(Sigma, USA) injection (60 mg/kg) into the
peritoneum of albino nonlinear male rats at the age
of two months [13]. Diabetes duration was 4
months which is enough to form diabetic
encephalopathy in rats [13]. Early consequences of
ischemic-reperfusion lesion of the hippocampus
were studied after one-hour reperfusion, and remote
ones — on the 12" day of the post-ischemic period.

The concentration of Hif-1a protein, its specific
content and the area of Hif-l1a-immunoreactive
material (IRM) were determined. The processed
histological sections were examined under the
fluorescent microscope Axioskop. The images were
introduced into the computer system of the digital
analysis Vidas-386 (Kontron Elektronik, Germany)
[15].

Numerical data were statistically processed with
the applied programs Statistica 6.0 and SPSS 13
using parametric Student t-criterion. The critical
level of significance in checking statistical
hypotheses was considered as 0.05.

Results. Results of the study are presented in
Table 1. 20-minute carotid ischemia with one-hour
reperfusion was found to cause an increase of the
concentration and specific content of Hif-1a protein
in CALl field of rats without DM 2.1 and 1.9 times,
respectively comparing to parameters in control
group (p<0.05). Under this interference in CA2
field the area of Hif-1a-(IRM) was 1.6 times larger,
the concentration and specific content of Hif-1a
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protein was 1.5 and 1.8 times higher, respectively.
The cells in CA3 field demonstrated the similar
Hif-1a-(IRM), the
concentration and specific content of Hif-1a protein
in it were 1.7; 1.3 and 2.3 times greater,

response: the area of

Table 1 — Effect of ischemia-reperfusion on the response of Hif-1a protein in neurons of the hippocampus

EUMJ, 2021;9(1): 101-106

CA3-CAA4 fields of the control rats and animals with diabetes mellitus (M + m)

respectively than the similar parameters in control
group (p<0.05). In CA4 field of rats from this
experimental group the concentration and specific
content of Hif-1a protein was 1.8 and 1.7 times
higher than in control group.

Group of observation

Concentration of
Hif-10 protein (Eye)

IRM square
per 10 000 mcm2

Specific content of
Hif-1a protein (E;p)

CAl field
Control, n=30 0.0072 + 0.0003 9.254 + 0.893 0.058 + 0.007
Ischemia-reperfusion 20 min/1 hour 0.0093+ 0.0003* 15.507+ 1.776* 0.133 £ 0.020*
Ischemia-reperfusion 12 days 0.0132+0.0012* 18.649+ 1.459*" 0.227 + 0.038*"
Diabetic rats,n=30 0.0116+ 0.0005* 12.676 + 1.155* 0.142 £ 0.023*
Diabetes and ischemia-reperfusion 20 | ;¢ go13# 13.869+ 1.861 0.167 + 0.022
min/1 hour
Ea'zgetes and ischemia-reperfusion 12| o\ 500 00214 20.746+2.2484& 0.204 + 0.034
CA2 field
Control, n=30 0.0068 + 0.0001 7.563 +1.014 0.052 +0.007
Ischemia-reperfusion 20 min/1 hour 0.0124+ 0.0006* 7.118 £0.879 0.087+ 0.013*
Ischemia-reperfusion 12 days 0.0136+ 0.0011* 12.158+1.148*" 0.125 £ 0.016*"
Diabetic rats, n=30 0.0229+ 0.0021* 10.796+1.067* 0.151 £0.021*
Diabetes and ischemia-reperfusion 20 | g4 go23# 12733 + 1,542 0.252 + 0.027#
min/1 hour
Di ischemia- fusion 12
da';‘:etes and ischemia-reperfusion 0.0988+0.00924& 6.776 = 1.32TH& 0.177 + 0.025&
CA3 field
Control, n=30 0.0072 + 0.0003 9.254 +0.893 0.058 +£0.007
Ischemia-reperfusion 20 min/1 hour 0.0093 + 0.0003* 15.507 + 1.776* 0.133 £ 0.020*
19 H . + . *N\
Ischemia-reperfusion 12 days 0.0132 +0.0012 18.649 + | 459 0.227 + 0.038*A
Diabetic rats, n=30 0.0116 + 0.0005* 12.676 + 1.155* 0.142 +0.023
Diabetes and ischemia-reperfusion 20 | o, ¢q oo13# 13.860 + 1.861 0.167 + 0.022
min/1 hour
5;;:“63 and ischemia-reperfusion 12| 159 0. 0021# | 20.746+ 2.248%& 0.204 + 0.034
CA4 field
Control, n=30 0.0068 + 0.0001 7.563 +1.014 0.052 +0.007
Ischemia-reperfusion 20 min/1 hour 0.0124 + 0.0006* 7.118 +£0.879 0.087 +0.013*
Ischemia-reperfusion 12 days 0.0136 + 0.0011* 12.158+1.148*" 0.125 +0.016*"
Diabetic rats, n=30 0.0229 + 0.0021* 10.796 + 1.067* 0.151 £0.021*
Diabetes and ischemia-reperfusion 20 | o 59 | ogo3# 12.733 + 1.542 0.252 + 0.027#
min/1 hour
Diabetes and ischemia-reperfusion 12 | \oee.0 000268 |  6.776 + 1.3274& 0.177 £ 0.025&

days

Notes: difference probability: * — compared with the control; * — ischemia-reperfusion (20 min/1 hour) in control animals;

# — diabetes; & — ischemia-reperfusion (20 min/1 hour) in animals with diabetes
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Analysis of the obtained results is indicative of
the fact that at the early ischemic-reperfusion
period the activity of the transcription factor Hif-1a
intensifies in the hippocampus fields (considering
changes of Hif-1a protein, a product of its activity).

On the 12" day after modeling 20-minute
carotid ischemia the concentration of Hif-1a protein
in CALl field remained 20% higher in comparison
with the parameter of rats from the control group
(p<0.05), though it decreased reliably concerning
the previous term 1.8 times. Specific content of Hif-
lo. protein was also reduced concerning the
previous term 1.8 times and reached the values
peculiar for the control group. At the late ischemic-
reperfusion period all the three examined
parameters remained increased in CA2 field
concerning the values of the control animals: the
area of Hif-10-IRM — 2.2 times, the concentration
and specific content of Hif-1a —1.9 and 2.1 times
respectively. Though their dynamics differed:
concerning the early post-ischemic period the

Conclusions

1. 20-minute  ischemia  with  one-hour
reperfusion increases the content of Hif-1a protein
in all the examined hippocampus fields in rats
without DM. On the 12" day of ischemic-
reperfusion period the values of certain examined
parameters of the transcription factor Hif-1a
activity in CA2-CA4 hippocampus fields continue
to increase, and in CALl field they normalize or
reach the values of the animals from the control
group.

2. Rats with 4-month DM demonstrate higher
values of Hif-1o activity in all the examined
hippocampus fields than those of the control group.

3. In rats with diabetes level of Hif-1a protein
hasn’t been changed in CAl field at the early
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