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In this paper, various age groups of Campbell rats with Retinitis Pigmentosa
(RP) were studied for electrophysiological parameters and, based on
histological examinations, morphological characteristics of the retina before
and after Retinalamin treatment. 50 Campbell rats, as an experimental model
of inherited RP, were used in the study. Rats were divided into two age groups,
with 25 rats in each. Group | consisted of newborns up to 3 weeks, and Group
II consisted of adults aged 3.5 + 0.3 months. Retinalamin injections were given
parabulbarly to all animals for 10 days. The total bioelectrical activity of the
a, b, and ¢ waves and the average value of the b-wave amplitude were studied
using the electroretinography (ERG) method.

Also, the thickness of the outer nuclear layer of retinal pigment epithelium
cells was studied in a histological examination. Studies were conducted before
the start of Retinalamin injections and in dynamics after 10 and 30 days.
According to the ERG results, a decrease in the total bioelectrical activity of
the rat retina and the average b-wave amplitude was already observed in 19-
day-old rats. A statistically significant increase in these indicators was
observed in both groups after 10 and 30 days of Retinalamin injections.
Histological analysis of retinal preparations also revealed positive changes
after the peptide administrations. An improvement in morphological
structures and thickening of the outer nuclear layer of retinal pigment
epithelial cells were noted in both groups, and more significant positive
dynamics were in Group | of newborn rats.

Conclusion. Retinalamin treatment in newborn and adult Campbell rats with
retinitis pigmentosa stabilized the processes developing in the retina, and the
maximum positive effect was manifested in neonatal rats.
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INTRODUCTION

Despite modern advances in science and
medicine, hereditary diseases remain a serious
pathology and are considered a medical and

social problem since the treatment of such
patients is difficult. One such pathology in
ophthalmology is Retinitis Pigmentosa (RP),
which is a genetically determined progressive
disease of the vision organ with primary damage
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to the photoreceptor layer and pigment
epithelium. The prognosis of RP is considered
unfavorable due to the constant development of
the degenerative process, leading to complete
blindness [3, 9, 13]. RP has no age limits, affects
mainly young people, and leads to disability
among the working population. The diagnosis of
RP relies on data from electroretinography
(ERG) identifying progressive loss of
photoreceptor function. The use of ERG is
aimed at early detection of ophthalmopathology
and monitoring the effectiveness of the methods
of treatment wused. An in-depth ERG
examination of the pathogenic processes and
functional indicators of the progression of RP is
becoming increasingly important.

The incidence of various retinal pathologies
is constantly decreasing due to the development
of methods of prevention, early diagnosis, and
specific treatment. Still, in the case of blindness
caused by RP, the problem remains acute. An
analysis of the literature showed many
multidirectional and diverse treatment methods
for RP, but pathogenetic treatment does not exist
today [3, 7]. Specific treatments are in
development and clinical trials. Genetic
experimental animal models are necessary for
studying the development and functioning of the
eye and various visual pathologies [8].
Experimental medicine shows promising results
from gene therapy, stem cells, and other
therapeutic methods for RP [1, 10, 11]. In
clinical practice today, only maintenance
therapy aimed at slowing the progression of the
dystrophic process is used. One of the drugs that
has a retinoprotective effect is Retinalamin. This
drug belongs to the group of biogenic peptides;
its action is based on its ability to positively
affect the metabolic processes in the retinal
tissue [5, 6, 12].

Considering the above, we decided to
evaluate the effect of Retinalamin usage in RP
in an experiment.

The aim was to study electrophysiological
parameters, as well as, based on histological
studies, morphological parameters of the retina
in different age populations of Campbell rats
before and after the use of peptides.

MATERIALS AND METHODS

The experimental object of our study was
50 Campbell rats (Fig. 1). These are the Royal
College of Surgeons (RCS) linear rats - a classic
model object for studying hereditary retinal
pigmentary dystrophy. Campbell rats are pale-
hooded, pink-eyed, homozygous individuals
with hereditary retinal dystrophy and a disorder
of the specific phagocytic function of the retinal
pigment epithelium.

The rats were placed in a vivarium under
comfortable conditions (ambient temperature of
about 21°C).

To feed the animals, complete food for
rodents was used with  additional
complementary foods of fruits and vegetables.
The animals consumed water from drinking
bowls. Water and food were freely available to
the rats. Routine cleaning of the cages was
carried out daily. General cleaning and
disinfection of cages were performed weekly.

Two age groups of 25 rats each were
identified for our investigation. Group |
consisted of newborns up to 3 weeks, and Group
IT consisted of adults aged 3.5+0.3 months. The
body weight of rats was determined using the
Sartorius ED423S-RCE  laboratory  scale
(Germany). All animals received parabulbar
injections of Retinalamin for 10 days (Fig. 1).
Studies were conducted both before the start of
injections and overtime after 10 and 30 days to
observe the effect of exposure.

Figure 1. Parabulbar injections.

ERG was used in the experiment to study
electrophysiological parameters and evaluate
the retina's functional state. Currently, ERG



Hashimova U.F., Mammadzada A.N.

remains the leading method for studying the
functional signs of the development of RP. This
research method makes it possible to identify
not only pronounced dystrophic changes in the
retina but also to diagnose biochemical and
functional disorders that precede the clinical
manifestations of RP [2, 14].
Electrophysiological parameters were recorded
on special modules of the Neuro-ERG
electrophysiological complex (Neurosoft LLC,
Russia) (Mydriacyl, Alcon). After this, the
animals were adapted to darkness for 30
minutes. ERG recording was performed using a
corneal contact electrode (loop active
electrode). The reference needle electrode was
placed subcutaneously on the back of the
animal's neck. The total bioelectrical activity of
waves a, b, and c¢ and the average amplitude of
the b-wave were determined. Separate
quantitative determination of other ERG
components (a-wave and off-response) was
weakly expressed in these experimental
animals, so it was not taken into account.

To study morphological parameters, a
histological examination of the retina was
carried out, and the thickness of the outer
nuclear layer of retinal pigment epithelium cells
was studied. The rats were sacrificed, the
eyeballs were removed, the anterior chamber
was opened, and the eyes were fixed by
immersion ina solution of 4%
paraformaldehyde for 24 hours at a temperature
of 4°C. Then the eyes were soaked in a 30%
sucrose solution for 24 hours at a temperature of
4°C and frozen at a temperature of -24°C, after
which sections 20 um thick were prepared using
a Leica cryotome model CM 1510S (Germany).
The sections were then mounted on glass slides
and immunohistochemically stained. Nuclear
staining using the fluorescent dye bisbenzimide,
which stains the nuclei of living cells, was used
as background staining. Measurement of the
thickness of the outer nuclear layer (ONL) was
carried out on fluorescent micrographs of
stained sections taken in the light of
bisbenzimide fluorescence using an Olympus
IX81 microscope. 10 rats (5 from each age
group) made up the control groups; they were
sacrificed without prior drug administration to

study the retina's histological structure for
further comparative analysis.

The remaining 40 rats (20 from each group)
were sacrificed 30 days after the application of
the peptides to identify histological changes.

To assess the reliability of the results
obtained, the Newman-Keuls criterion was
used. The results obtained were considered
statistically significant at p<0.05.

RESULTS AND DISCUSSION

The ERG results revealed a decrease in the
total bioelectrical activity of the retina of rats
with RP already in 19-day-old rats. Thus, before
the use of peptides in group I, this indicator was
on average 88.6 £ 10.1 uV, and in group II in
adult rats, accordingly, this indicator was even
lower — on average 10.5 + 3.8 uV. After
injections of Retinalamin, a statistically
significant increase in the total bioelectrical
activity of the retina was observed in both
groups (Fig. 2). In group I, an increase of 25.5%
was observed after 10 days and another 13.6%

after 30 days.
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Figure 2. The total bioelectric activity of the a,
b, and ¢ ERG waves of rats before and after
using Retinalamin (M = m, pV)

* - p < 0.05 — a statistically significant difference
compared to the parameter before the peptide’s
application. # - 0.05 — statistically significant
difference compared to the previous data

In — group Il, after 10 days there was an
increase of 46.7%, and after 30 days there was
another 7.1%. Analysis of the average b-wave
amplitude also showed positive dynamics (Fig.
3). After applying peptides to group I, after 10
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days, this indicator increased by 10.6%, and
after 30 days, an increase of 19.4% was also
observed. In group Il, after 10 days, there was
an increase in the average b-wave amplitude of
9.7%, and after 30 days, by 6.3%. These changes
were statistically significant (p<0.05).
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Figure 3. The average amplitude of ERG b-
wave in rats before and after using Retinalamin
(M£m, uV)

* - p < 0.05 — a statistically significant difference
compared to the parameter before the peptide’s
application. # - p < 0.05 — statistically significant
difference compared to the previous data

Morphological  analysis  of  retinal
preparations also revealed positive changes after
using peptides. Examination of sections in both
groups of rats before injections revealed
degenerative changes, more pronounced in
group I1. Destruction of the layers was observed,
as well as thinning of the outer nuclear layer of
retinal pigment epithelial cells (Fig. 4, 6, and
Table 1).

Figure 4. Retinal section before therapy in
Group 1. (zoom 1:400)

10

Figure 5. Retinal section after therapy in Group
I. (zoom 1:400)

The severity of the lesion in terms of the area
of degeneration foci in group | averaged
36.5£5.2%, and in group II, it was 68.2+6.3%.
After the injections, an improvement in
morphological structures and thickening of the
outer nuclear layer of retinal pigment epithelium
cells was observed on sections in both groups (Fig.
5, 7, Table 1). In group I, the average thickness of
the outer nuclear layer increased statistically
significantly by 17.3% (p<0.05), and in group 11, by
10.8% (p<0.05).

Table 1. The average thickness of the outer
nuclear layer of retinal pigment epithelium cells
before and after the use of Retinalamin (M + m,

pum).

Age groups of |Before therapy| 30 days after
rats (n=5) (n=20)
Group | 29.4+1.1 34.5+1.2%*
Group 11 25.1£1.0 27.8+1.1%*

* - p < 0.05 — a statistically significant difference
compared to the parameter before application of
peptides

Analyzing the literature sources, we found
several works that conducted studies similar to
ours. According to the study, which also used
ERG on an experimental model of RP in
Campbell rats, the b-wave amplitude increased
with increasing stimulus brightness on the 20™
day after birth. On day 30, the b-wave amplitude
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in Campbell rats was much smaller than in
Wistar rats and did not change with increasing
stimulus brightness [4]. Another
electrophysiological study of patients with RP
and experimental animals determined that
peptide bioregulators helped restore the
physiological activity of the retina, improve the
functional interaction of the pigment epithelium
and the outer segments of photoreceptors, and
regulate metabolic processes [6].

Figure 6. Retinal section before therapy in
Group I1. (zoom 1:400)

Figure 7. Retinal section after therapy in Group
I1. (zoom 1:400)

The use of Retinalamin led to a significant
increase in the ERG b-wave compared to the
control. Thus, in cases of moderate severity of
retinal damage, the therapeutic effect of
Retinalamin was detected on the 15" day of
observation, reaching its maximum by 35 days.
The amplitude of the ERG b-wave in
experimental animals during this period reached
80% of the background level and was almost

11

two times higher than that in the control group
[5].

All these data correspond to the results of
our study and prove the positive effect of
Retinalamin on the retina. Also, the positive
effect of the peptides in our experiment was
confirmed by a histological study of the retina.

CONCLUSION

In a group of adult and neonatal Campbell
rats with RP, the application of Retinalamin
stabilized the processes developing in the retina.
This was demonstrated by improvements in the
histological features of the retina as well as a
statistically significant increase in ERG
indicators. In this case, neonatal rats show the
most pronounced effect.
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AHAJIN3 PE3YJIBTATOB IPUMEHEHUS NENITU10B CETYATKHA B PA3HBIX
BO3PACTHBIX I'PYHIIAX KPbIC IMHUU CAMPBELL C IMT'MEHTHbBIM PETUHUTOM

! Yanys ®anszn ke13e1 Famumosa, >Ader Hacub ku13s1 Mamensazne

Y Unemumym gusuonozuu um. axademuxa A60yanwl Iapaesa, Munucmepcmeo nayku u 06pazoéanus
Asepbatiodicanckoii Pecnyonuxu, Baky, A3epbatioscan
2 Hayuonansuuiii Opmansmonocuueckuii Llenmp um. axademuxa 3apughvr Anuesoti

[enb — U3y4uTh 3MEKTPOU3NOIOrHUECKUE TIOKA3aTeNH, a TaKKe MOP(OIOrHIECKHE TOKa3aTeNn
CEeTYATKU B Pa3HBIX BO3PACTHBIX rpymmnax Kpsic uHun Campbell ¢ murmentheiM perurutom (I1P) mo u
MocJie IPUMEHEHUs peTUHAJITAMUHA.

B okcmepumente Obutn  ucmonb3oBaHbl 50 kpeic  nuHME - Campbell,  sBisrommecs
AKCIIEPUMEHTAIbHON MOJIENbI0 HacneacTBeHHOro 1P, boutn BbaeneHsl 2 BO3pacTHBIE TPYIIILI KPBIC O
25 B KaxI0H. | rpynmy cocTaBUIM HOBOPOXKAEHHBIE 0coOu 70 3-eX Heaenb, || rpynmy — B3pocibie ocooun
B Bo3pacte 3,5+0,3 mecsia. BceM xMBOTHBIM NPOBOANIM NapadyibOapHble MHBEKIUN PETHHATIAMUHA B
teuerue 10-tu gHeir. Meromom anekrpopeturorpaduu (IPI) uzyyanu cyMMapHyro OHOIICKTPHYECKYTO
aKTUBHOCTH BOJIH &, D, C u cpenHee 3HaueHue amminTy bl b-BosHbl. Takke MPOBOANIN THCTOIOTHUECKOS
WCCIIEIOBAaHUE W U3y4yalld TONIIMHY HAPYXXHOTO SAEPHOTO CIOS KIETOK MUTMEHTHOTO SIUTEIHS
ceryatku. VccrienoBaHus MPOBOAMINCH IO Havajia MHBEKIMHA peTUHAIAMUHA U B InHamMuKe depe3 10 u
30 nHeil.

[lo pesynbratam DOPI' HaOmromanoch CHMKEHHE CYMMapHOM OHMO3JIEKTPUYECKOW aKTUBHOCTU
CEeTYATKHU KPBIC M CPEIHEr0 3HAYCHUsI aMILTUTY bl D-BOHBI yrke B Bo3pacte 19 cyTok. [locie nabekimii
peTHHaTaMUHa HAOJI0JANIOCh CTaTUCTHMYECKU JIOCTOBEPHOE IMOBBIIIEHHE ITHX IOKa3aTeiaeil B o0eux
rpynnax yepe3 10 u 30 nueil. Mopdonornueckuil aHaiau3 npenapaToB CETYATKH BBISIBHII TaKXKe
NOJIOXKHUTENbHBIE ~ M3MEHEHMs Iocjie  TNpUMEHeHus  mentuaoB. HaOmionmamoch — ynydiieHne
MOP(OJIOTHYECKUX CTPYKTYP M YTOJILIEHHE HAPYKHOTO SIAEPHOTO CIJIOSI KIIETOK MUTMEHTHOTO SIUTEIHS
CETYaTKU B 00EUX TpyTIax.
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3axuouenue. [IpuMeHeHne peTHHaJaMHHA Y HOBOPOXKACHHBIX M B3POCIBIX 0CO0EH KpPbIC JTHHUU
Campbell ¢ mnurMeHTHBIM pETHHHTOM OKAa3bIBACT CTAOWIM3MpPYIONIEe BIHSHHE HA IPOLECCHI,
pa3BuBaromuecss B cerdaTke. IIpm 3TOM MakCHUMaibHBIM MOJOXUTENBHBIA A(PQPEKT NPOSBISETC Y
HOBOPOKICHHBIX KPBIC.

Kuarouessie cioBa: kpoicel tuanu Campbell, murmentastit perunut, IPT, perunatamMun

PIQMENTLI RETINITi OLAN CAMPBELL CINSLI SICOVULLARIN MUXTOLIF YAS
QRUPLARINDA TORLU QiSA PEPTIDLORININ TOTBIQININ NOTiCOLORI

Ulduz Fayizi quz1 Hosimova !, Afat Nasib quz1 Mommoadzads 2

Y Akademik Abdulla Qarayev adina Fiziologiya Institutu, Azarbaycan Respublikasi Elm va Tohsil
Nazirliyi, Baki, Azarbaycan
2 Akademik Zorifa Oliyeva adina Milli Oftalmologiva Markazi

Magsad — Campbell cinsli sicovullarin miixtalif yas populyasiyalarinda retinalaminin tatbigindon
owval vo sonra elektrofizioloji vo histoloji todgigatlar asasinda tor gisanin morfoloji gostaricilarinin
oyranilmasi.

Eksperimentds irsi pigmentli retinitin (PR) modeli olan Campbell cinsli 50 sigovul istifado
olunmusdur. Sigovullar, harasindo 25 olmaqgla, 2 yas qrupuna boliinmiisdir. I qrupu 3 hoftalik
yenidogulmus, I qrupu 3,5+0,3 ayliq yetkin sigovullar tagkil etmigdir. 10 giin arzinds biitiin sigovullara
retinalaminin parabulbar inyeksiyalar1 aparilmisdir. Elektroretinografiyanin (ERQ) kdmayi ilo a, b, C
dalgalarinin iimumi bioelektrik aktivliyi vo b-dalgasinin amplitudasinin orta doyori Oyronilmisdir.
Histoloji todgigatlar osasinda tor qisanin pigmentli epitel hiiceyralorinin xarici niive qatinin orta qalinlig
Oyronilmisdir. Miiayinalor Retinalamin inyeksiyalarindan ovval, vo dinamikadalO giin vo 30 giin sonra
apartlmigdir.

ERQ naticalorina gora artiq 19 sutkaliq sigovullarda a, b, ¢ dalgalarinin imumi bioelektrik
aktivliyinin vo b-dalgasinin amplitudasinin orta doyorinin azalmasi miisahido edilmigdir. Retinalamin
inyeksiyalarindan 10 va 30 giin sonra hor iki qrupda bu gostoricilorin statistik etibarl yiiksolmosi geydo
alinmigdir. Peptidlorin totbigindon sonra tor qisanin preparatlarinin histoloji milayinaSi osasinda da
miisbot doyisikliklor tosdiglonmisdir. Morfoloji strukturlarin yaxsilasmasi vo tor gisanin pigmentli epitel
hiiceyrolorinin xarici niivo gatinin orta qalinliginin artmasi miisahido edilmisdir.

Yekun. Campbell cinsli sigovullarin yenidogulmuslar vo yetkinlor populyasiyasinda retinalminin
istifadosi tor qisada bas veran proseslora stabillosdirici tosir gostorir. Miisbat doyisikliklor daha
ohomiyyatli doracads yenidogulmus sigovullarda 6ziinti gostarir.

Acar sozlar: Campbell cinsli sicovullar, pigmentli retinit, ERQ, retinalamin
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