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IMMUNOMODULATOR IMUNOFAN AFFECTS CELL PROFILE OF
MORPHOFUNCTIONAL ZONES OF RAT THYMUS AND DELAYS ITS
AGE-RELATED INVOLUTION
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The immunomodulatory agent Imunofan (Bionox, Russia) is widely used in clinical practice. It affects the immune and endocrine
systems and enhances cell-mediated and humoralimmunity. The aim of this study was to investigate the cell profile (lymphoblasts,
small, medium and large lymphocytes, macrophages, mitotic cells and damaged cells) in the subcapsular and inner zones of the
thymic cortex and thymic medulla of random-bred male albino rats with conspicuous age-related changes after stimulating their
immune system with Imunofan. The animals in the experimental group (n = 30) were administered to intramuscular injections
of the drug (0.7 mg/kg) on the 1st, 3rd, 5th, 7th and 9th days of the experiment; the controls (n = 30) were administered to the
equivalent amount of normal saline on the same days. Rats were decapitated on the 1st, 7th, 15th, 30th and 60th days after the
final injection. Thymic sections were studied using Olympus CX-41 microscope, Olympus SP 500UZ camera (Olympus, Japan)
and Morpholog software (Ukraine). Thymic morphology was similar in the experimental and control groups; however, cell profiles
were different. On the 7th, 15th and 30th days, lymphoid cells and macrophages prevailed over damaged cells, the number of
which decreased (p <0.05). Similar statistically significant trends were found in the inner zone of the thymic cortex. The number
of medium lymphocytes was statistically higher on the 7th, 15th and 30th days of the observation, while the number of small
lymphocytes was also higher on the 60" day of the observation. The number of damaged cells was significantly lower on the
15th and 30th days (p <0.05). The obtained results indicate conspicuous thymic response in rats with conspicous age-related
changes to Imunofan administration, and partial temporary delay of age-related thymic involution.
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WMMYHOMOAYASITOP « MMYHO®AH» BAUSIET HA KAETOYHbIA COCTAB
MOP®O®YHKLUUOHAABHbLIX 30H TUMYCA KPbIC U SBAMEAASIET
Ero BO3PACTHYIO UHBOAIOLIUIO

. B. Bobpbliwesa =

Kadhenpa rmctonoruv, UATONorm n aMO6pronorim, CTOMaToNorM4ecKmin hakynsTeT,
JlyraHCKniA rocyaapCTBEHHBIN MEOVLVHCKUI yHUBEPCUTET, JTyraHck, YkpavHa

B KAMHMYecKom npakTike MPUMEHSETCS MMMYHOMOAYNATOP «/IMyHodaH» («<BroHoKe», Poccus), BO3AEUCTBYOLWMIA HA VM-
MYHHYIO 1 SHOOKPUHHYIO CUCTEMBI 1 YCUIIMBAIOLLMIA KNETOYHbIV 1 FyMOPasTbHbIN UMMYHUTET. Lienbio nccnefoBaHns SBnsnocs
N3y4eHne copgeprkaHns MMM obnacToB, MabiX, CPEAHMX 1 6OABLIMX NMMMOLIMTOB, Makpodaros, MUTOTUHECK AEAALLIMXCA
N AECTPYKTUBHO M3MEHEHHBIX KNETOK B CyOKanCynsapHOM 1 BHYTPEHHEN 30HaX KOPKOBOMO BELLIECTBA 1 MO3rOBOM BELLECTBE
napeHx1Mbl TUMyca 6ecnopoaHbIX 6eMbiX KPbIC-CaMLIOB Neprofa BbIPaXKEHHbBIX CTAPHECKNX USMEHEHWI MPU UMMYHOCTUMY-
naumn «/iMyHobaHom». XKMBOTHBbIM OMbITHOM rpynnbl (N = 30) BBOAWM NpenapaT BHYTPUMbILLEYHO 13 pacdeta 0,7 MI/krB 1,
3, 5, 7 1 9-e CyTKIN SKCMEPUMEHTA, a XKMBOTHbIM KOHTPOMBHOM rpynnbl (N = 30) — 3KBMBaNEHTHbIN 06beM (PU3NONOrMHECKOro
pacTBopa B Te »xe Cpoku. dekanutaumio ocyulectsnamm Ha 1, 7, 15, 30 n 60-e cyTkn nocne nocnegHen nHbexkumm. Cpesbl
n3y4anin ¢ nomoLLpto Mnkpockona Olympus CX-41, dhotoannapata Olympus SP 500UZ (Olympus, ANoHWs) 1 NporpaMMHOro
naketa Morpholog (YkpanHa). Mopdhonornieckne 0CobeHHOCTM OpraHa B OMbITHOM 1 KOHTPOBHOM rpymnnax Oblin CXOXKUMM,
HO KJIETO4HBI COCTaB 30H pasnnyancs. B cybkancynsapHom 3oHe Ha 7, 15 1 30-e cyTku Obino 6osble KNETOK MMMMOMAHOrO
psga 1 Makpodaros nMpy OOHOBPEMEHHOM CHIDKEHUN YKCna KIETOK C MpuaHakamu Aectpykumm (p <0,05). AHanornyHble
CTaTUCTNHECKM 3HAYVMblE 3aKOHOMEPHOCTI ObiN BbIIBNEHbI A1 BHYTPEHHE 30Hbl. B MO3roBOM BelLeCcTBe cofeprkaHie
CpeaHVX MMMAOLIMTOB BbINI0 AOCTOBEPHO Bbille Ha 7, 15 1 30-e cyTkm HabnoaeHWs, a Manbix IMMAOLIMTOB — Takxke 1 Ha 60-e
CyTKU. KonnyecTBO AECTPYKTUMBHO M3MEHEHHBIX KIETOK 3HAYUTENBHO YMeHbLUMIOCh Ha 15 1 30-e cyTkn (p <0,05). MonyyeH-
Hble pPe3ynbTaThbl CBUAETENBCTBYIOT O 3aMETHOW PEAKTUBHOCTY TUMYyCa KPbIC MEPUOAA BbIPaXKEHHbBIX CTAPHECKNX N3MEHEHWI
Ha BBefeHue «/IMyHodaHa» 1 BDEMEHHOM YaCTUHHOM 3aMeieH ero BO3PACTHOW MHBOMOLIMN.

KnoueBble cnosa: TMYC, BO3pacTHasA NHBOJTIOLUVA, IMMYHOCTUMYNALNA, UMMYHOMOOYNATOP, I/IMyHOdJaH, oenble KPbICblI

><] Ons koppecnoHaeHummn: Bobpbiwesa ViHecca BeneankTosHa
91016, YkpavHa, r. JlyraHck, yn. 15 nnHng, O. 18, k8. 8; inessa_lug@mail.ru

Cratbs noctynuna: 31.05.2016 CtaTbsi NnpuHATa K nevatu: 22.06.2016

I BULLETIN OF RSMU | 3, 2016 | VESTNIKRGMU.RU



CTATbS | UMMYHOJ10I'US

Thymus is a primary organ of the immune system. It largely
contributes to the intensity of immune response and maintains
immune homeostasis. Morphological changes in the thymus
triggered by a variety of factors, including administration of
immunotropic drugs, are accompanied by changes in the
cellular microenvironment and cytoarchitecture [1-7].

The immunomodulatory agent Imunofan is widely used
in clinical practice. It positively affects the immune and
endocrine systems and enhances cell-mediated and humoral
immunity [8]. It is an immunoregulatory hexapeptide (arginil-
alfa-aspartil-lysil-valil-tyrosil-arginine)  synthesized from a
thymopoietin fragment that contains amino acid residues of
its active site. Pharmacological effects of Imunofan include
fine-tuning of the immune system and elimination of oxidative/
antioxidative imbalance. Drug action starts 2-3-hours after
the injection and lasts up to 4 months. The time course of
the drug action can be divided into three phases. During the
first phase (2—-3 days after the injection), a detoxifying effect of
Imunofan is observed: the drug normalizes lipid peroxidation
and inhibits breakdown of cell membrane phospholipids and
arachidonic acid synthesis. During the second phase that
lasts for 7-10 days, phagocytic activity increases followed
by the death of intracellular bacteria and viruses. During the
final phase that lasts up to 4 months, impaired functions
of cell-mediated and humoral immunity are restored.

Effects of Imunofan on different animal and human body
systems have been studied widely [1, 3, 9-12]. However,
little attention has been paid to the changes in the thymic
cytoarchitecture induced by Imunofan in subjects of various
age. The aim of this study was to investigate the cell profile
of thymic parenchyma in aging rats after stimulating it with
Imunofan.

METHODS

The study was conducted in 60 random-bred male albino rats
(age of 20 months, weight of 300-330 g). The animals were
housed at 20-25 °C, humidity below 50 %, 12 h light (from 8:00
to 20:00) in standard plastic cages, 6 rats per cage, with free
access to food and water [13]. According to daily observations,
all animals were active and healthy.

The animals were divided into two groups, of 30 rats each.
The experimental group received 0.7 mg/kg IM Imunofan
(Bionox, Russia; Registration Certificate UA/0318/01/01) once
a day on days 1, 3, 5, 7, and 9 of the experiment (the route
of administration was chosen according to manufacturer’s
recommendations; human dosage was converted to animal
dosage). The controls were administered to sodium chloride
0.9 % IM in the same amount and on the same days. In each
group, rats were sacrificed in sixes 1, 7, 15, 30 and 60 days
after the final injection of the drug or sodium chloride solution
(the animals were anesthetized with ether and decapitated).

The object of our study was the thymus. Sampling, fixation
and paraffin block preparation were performed according to
standard techniques for lymphoid tissue processing [14]. To
study thymic structural components, 4-6 pm thick paraffin
sections were stained with hematoxylin and eosin; for cell
identification, azure Il and eosin were used. Histological
analysis was performed on Olympus CX-41 microscope, using
Olympus SP 500UZ digital camera (Olympus, Japan) and
Morpholog software (Ukraine) [15]. Microphotographs were
taken in various magnification modes, using objective lenses
PlanC N x10/0.25e/-/FN22, PlanC N x40/0.65 «/0.17/FN22,
PlanC N x60/0.80/0.17/FN22, with zoom 132 and 142. From

BULLETIN OF RSMU | 3, 2016 | VESTNIKRGMU.RU

each thymus, six sections were obtained; six fields of view
were analyzed in each case, which is sufficient for obtaining a
representative sample [16].

We calculated percentages of lymphoblasts, small, medium
and large lymphocytes, macrophages, mitotically active cells
and damaged cells per 100 cells in the thymic parenchyma,
including the subcapsular and inner zones of the cortex and
the medulla. Small, medium and large lymphocytes were
distinguished based on the morphometric parameters of the
nuclear area. According to Kriventsov [17], lymphocytes with
the nuclear area of 6 to 14 um? are classified as small, 14 to 22
um? are considered medium and 22 to 30 pm? are large.

Data were statistically processed using Student’s t-test
(p <0.05). Data distribution was normal. Distribution type was
identified using Kolmogorov-Smirnov test. Arithmetic mean
and standard error (M + m) were computed.

The experiment was conducted in compliance with the
regulations of the European Convention for the Protection of
Vertebrate Animals used for Experimental and other Scientific
Purposes (Strasbourg, 1986) and approved by the Bioethics
Committee of Lugansk State Medical University (Protocol no.1
dated January 19, 2013).

RESULTS

Age-related involution of the thymus was confirmed by the
comparative histological analysis of the thymus of the controls
and the pubertal rats (those data were obtained prior to this
experiment [18]).

Thymic lobules looked smaller than in younger animals
(fig. 1). They were separated by thick connective tissue septa.
The border between the cortex and the medulla was blurred;
medulla size was increased. Lobule parenchyma was partially
replaced with white adipose tissue. Similar age-related changes
in the thymus of 12-month old rats were described by Moroz
[19]; similar changes in 6-10-month old rats were described by
Moskvichev et al. [6].

Morphologically, the thymus of the experimental animals did
not differ from that of the controls throughout the experiment.
We observed capsule- and septa-forming connective tissue
overgrowth and partial replacement of the parenchyma with
adipose tissue. But at a higher magnification, microscopic
images revealed changes in the parenchyma cell profile.

The stroma of the subcapsular zone of the cortex
parenchyma is formed by a network of epithelial reticular cells
and macrophages. In the stromal area, several layers of round
lymphoid cells were observed. The majority of those cells were
small and medium lymphocytes, but large lymphocytes and
lymphoblasts were also present. Mitoses were rare. Epithelial
reticular cells were flat and irregularly shaped, larger than
lymphocytes and had a paler cytoplasm. Macrophages were
large, irregularly shaped with branching projections and a
typical foamy cytoplasm. Damaged lymphoid cells were also
observed (those contained hypercondensed chromatin in
the shrunk nucleus). We observed an increased number of
lymphoid cells and macrophages, compared to the controls,
and a reduced number of damaged cells (fig. 2). However, the
figures were statistically significant only for the animals sacrificed
on days 7, 15 and 30 after the final injection of Imunofan. The
number of epithelial reticular cells did not differ significantly
from that of the controls in any of the experimental subgroups.

The inner zone of the cortex demonstrated a maximum cell
density with several layers of medium and small lymphocytes,
some of them mitotically active, integrated into the network



Fig. 1. Age-related involution of the thymus in random-bred albino male rats
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Microphotographs of thymic sections obtained from pubertal male rats (A) and 20-month-old rats (B) one day after the administration of sodium chloride solution.
1 — the subcapsular zone of the cortex; 2 — the inner zone of the cortex; 3 — the medulla. Staining: hematoxylin-eosin. Objective lens: PlanC N x10/0,25 «o/—/FN22.

Zoom 132.

formed by epithelial reticular cells and macrophages. Lymphoid
cells with degrading nuclei and cytoplasm were also observed.
Changes in the cell profile here were similar to those in the
subcapsular zone. One day after the administration of Imunofan,
the number of medium lymphocytes increased by 8.5 % and
the number of damaged cells dropped by 48.0 % (p <0.05)
(fig.3). After decapitation performed on day 7, an increased
number of medium and, small lymphocytes, mitotically active
cells and macrophages was observed, while the number of
epithelial reticular stromal cells and damaged cells dropped by
15.8 and 62.2 %, respectively. On day 15, the same trend
was observed as during the previous week, but the increase in
the number of medium lymphocytes was no longer statistically
significant. On day 30, the number of small lymphocytes
and macrophages was higher, compared to the controls (by
11.3 and 51.3 %, respectively). There were 14.9 % less epithelial
reticular cells and 23.1 % less damaged cells, compared to the
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Fig. 2. Cell profile of the subcapsular zone of the thymic cortex of aging rats
at various time points after injections of the immunomodulatory agent Imunofan

* — p <0.05 when comparing the experimental and the control groups

controls. We found no statistical difference in cell profiles on
day 60 after the final injection.

The density of lymphoid cells (mainly small and medium
lymphocytes) in the medulla was reduced, compared to the
cortex. We observed a thicker network of epithelial reticular cells
grouped as strands and clusters. We found no lymphoblasts
and large lymphocytes in the medulla; the number of medium
lymphocytes was significantly higher on days 7, 15 and 30
of the observation (by 6.1, 9.3 and 7.5 %, respectively). The
number of small lymphocytes remained increased on days
7 (8.6 %), 15 (10.0 %) , 30 (11.0 %) and 60 (10.4 %) of the
observation (fig. 4). The number of mitotically active cells
was insignificantly higher only on day 7 of the observation,
compared to the controls. The number of damaged cells was
significantly lower on days 15 and 30. The difference between
the number of epithelial reticular cells and macrophages was
insignificant.
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Fig. 3. Cell profile of the inner zone of the thymic cortex in aging rats at various
time points after injections of the immunomodulatory agent Imunofan

* — p <0.05 when comparing the experimental and the control groups
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Fig. 4. Cell profile of the thymic medulla in aging rats at various time points after
injections of the immunomodulatory agent Imunofan

*— p <0.05 when comparing the experimental and the control groups

By the end of the experiment (day 60), the number of small
and medium lymphocytes, young cells, mitotically active cells
and macrophages decreased and was about the same as in
the controls.

RESULTS

The obtained results indicate a conspicuous thymic response
to the administration of Imunofan in aging rats. Changes in cell
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