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Abstract
The search for new endogenous active agents of mediatory nature possessing selective stimu-

lating influence on reparative-proliferative processes in the incretory apparatus of pancreas at 
diabetes mellitus is one of the actual problems of modern endocrinology. 

The character and peculiarities of reparative processes in secretory cells of the Langerhans 
islets were studied from the morphological and immunological points of view in experimental 
streptozotocin-induced diabetes model under conditions of Embryonal Antitumor Modulator in-
jection to the experimental animals. For the morphological analysis paraffin sections from tis-
sues of pancreas were stained with hematoxylin-eosin and azure II-eosin. The frozen-tissue sec-
tions were subjected to the immunomorphological analysis to reveal 5-bromdesoxiuridin-positive 
cells in the pancreas. As established, at a concrete stage (the fourth day of experiment) of the 
experimentally induced diabetes in rats insular apparatus of the pancreas and in its ducts a no-
ticeable revival of the reparative processes took place. Possible regional mechanisms for resto-
ration of the specified microstructures of pancreas were also identified; to this latter detection of 
5-bromdesoxiuridin-positive cells findings testified via the enzyme immunoassay. Restoration of 
the structural organization of the islets (insular apparatus) occurred due to regeneration of 
“survived” beta cells, in other words, by replication. During the specified period under the con-
ditions of Embryonal Antitumor Modulator administration, the number of 5-bromdesoxiuridin-
positive endocrinocytes considerably increased (in comparison with 5-bromdesoxiuridin indices 
in rats of the control group).

Based on data related to the nature of changes in 5-bromdesoxiuridin-positive cells content, 
it was ascertained that under conditions of Embryonal Antitumor Modulator injection the occur-
ring restoration of the structural organization of pancreatic islets was due to activation and the 
subsequent proliferation of the “survived” beta cells, that is to say, due to their replication. 

keYwords: streptozotocin diabetes, neogenesis, replication, insulinocytes, proliferation.

Address for corresPoNdeNce:
Department of Endocrinology
Yerevan State Medical University after M. Heratsi 
2 Koryun Street, Yerevan, 0025, Armenia
Tel.: (+374 60) 621 531; (+374 91) 471 490
E-mail: eaghajanova@yahoo.com

IntroductIon

The search for new endogenous active factors 
participating in formation of reparative-prolifera-
tive processes in the incretory apparatus of pan-
creas at diabetes mellitus, is a very promising di-
rection in modern endocrinology. This scientific 
trend, the appropriateness of searching specified 
factors is apparently crucial: both for studies on 
pathogenetic aspects of diabetes mellitus, and for 

elaboration of tactics on carrying out symptomatic 
and pathogenetic therapy relevant to this disease. 
The studies on mechanisms of damage in Langer-
hans islets bear certain contradiction between the 
importance of local provocative factors, on the one 
hand, and, on the other hand, the disturbance of 
system regulation, and, first of all, disorders of im-
mune and neuroendocrine systems [Heit J. et al., 
2006; Gatford K. et al., 2012; Aghajanova Y., 
2013]. Moreover, it was shown that extent of pro-
liferation of adult β-cells in vivo and their regen-
eration following the action of damaging agents is 
controlled by system factors [Porat Sh. et al., 
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2011]. Nowadays, the streptozotocin (STZ) model 
of diabetes [Bernard K. et al., 1999; Belkacemi L. 
et al., 2012; Bone R. et al., 2012; Zhang Y. et al., 
2012] is the most acceptable one for studying the 
mechanisms, which underlie the islets β-cells dam-
age and formation of reparative-proliferative pro-
cesses directed to restore the structure and incre-
tory function of the pancreas. 

Despite the numerous research works carried out 
using the streptozotocin stress model, up to present 
there are no investigations concerning the structural 
changes of the incretory apparatus of pancreas in 
dynamics of the regional pathological process. In 
this regard, there are also open to question the 
mechanisms of endocrinocytes structure and func-
tion restoration, i.e., does it occur through neogen-
esis and/or due to replication. Our earlier research 
[Vahedian V. et.al., 2011; Aghajanova Y., 2012] on 
hypoglycemic action of the Embryonal Antitumor 
Modulator of Mkrtchyan (EATM) [Mkrtchyan L., 
2004] in STZ model of diabetes in rats showed that 
single introduction of EATM in a preventive and 
medical mode steadily reduced the level of glucose 
and at the same time increased the insulin level in 
blood serum of experimental animals.

At the same time the influence of EATM on 
character and peculiarities of a regional pathologi-
cal process in pancreas is not studied. It is not ex-
cluded that such pleiotropic endogenous active 
modulator, the effects of which extend to many in-
tegral systems of the mammalian organism [Mkrt-
chyan L., 2010], possesses a direct or an indirect 
spectrum of action towards reparative-proliferative 
processes in the insular apparatus of the pancreas. 

The aim of the current study was to reveal the 
structural changes in the incretory apparatus of 
pancreas at STZ diabetes in rats with identification 
of the possible EATM-dependent mechanisms un-
derlying the activation of reparative-proliferative 
processes in situ.

MAterIAl And Methods 

Experiments were carried out in 72 white male 
rats, weighing 180-200 g. Animals were subdivided 
into three groups: group 1 made control animals, 
group 2 – rats with diabetes, and group 3 – rats with 
diabetes and additional administration of EATM. 
Animals of groups 2 and 3 were exposed to single 
intraperitoneal (i/p) injection of STZ (Sigma) at a 

dose of 55 mg/kg. On the second day after STZ in-
jection rats of group 3 were administered EATM as 
a single-dose i/p injection of 0.5 mg per rat. 

In each group, the animals were divided into 
three subgroups (a, b, c). Animals of group 2а were 
withdrawn from the experiment on the second day 
after STZ injection, animals of the group 2b – on 
the fourth day, and those of group 2c – on the 
eighth day of the experiment. 

Animals of group 3а were sacrificed on the 
fourth day, while animals of group 3b – on the 
eighth day after STZ injection.

For the morphological analysis paraffin sections 
from tissues of the pancreas were stained with he-
matoxylin-eosin and azure II-eosin. The frozen-tis-
sue sections were subjected to immunomorphologi-
cal analysis to define 5-bromdesoxiuridin (5-BrdU)-
positive cells in the pancreas [Henry Sh. et al., 
2009]. The specified enzyme immunoassay was car-
ried out according to the proposed scheme [Schutte 
B. et al., 1987]. Preparations were examined with 
the light microscope (“Micros”, Austria) and lumi-
nescent microscope (“Boeco”, Germany).

One hour prior to sacrifice animals of control 
and experimental groups were i/p injected 5-BrdU 
(Sigma, USA) at a single dose of 50 mg/kg. Fro-
zen-tissue sections were prepared and fixed in 
methyl alcohol for 30-40 min. After fixation the 
sections were incubated with 2 N HCl for 30 min at 
37°C. The preparation was washed out in 0.1 M 
phosphate buffer, then 0.1 M borate buffer (pH 
8.5) was applied to sections. After washing-off and 
drying, monoclonal mouse serum against 5-BrdU 
(Sigma, USA) at dilution 1:40 was applied to prep-
arations. In 40 min the preparation was washed out 
in 0.1 M phosphate buffer and dried up. After dry-
ing FITZ-labeled goat serum against mouse IgG 
(Sigma) at dilution of 1:10 was applied to sections. 
The preparation was washed out three times with 
0.1 M phosphate buffer, dried up and observed 
using the luminescent microscope (“Boeco”, Ger-
many). Animals were sacrificed by decapitation 
under Nembutal anesthesia (40 mg/kg i/р). 

The reserach was carried out according to re-
quirements of the European Union for work with 
laboratory animals and was approved by the Ethi-
cal Committee of the Yerevan State Medical Uni-
versity after M. Heratsi.
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results

In animals of group 2, on the second day after 
STZ injection (subgroup 2а) the catabolic pro-
cesses, with primary localization in the incretory 
apparatus of the pancreas predominated. As struc-
tural manifestation of these processes the alterative 
changes in Langerhans islets were observed. In the 
majority of islets signs of discomplexation of the 
incretory cells, vacuolization of cytoplasm and 
rhexis of the nuclei were observed. In the same is-
lets the foci of micronecrosis were very frequent. 

On the fourth day after STZ injection (group 2b) 
catabolic processes continued to dominate in the 
pancreas. However, on this background the revival 
of reparative-proliferative processes both in exo-, 
and endocrine apparatus took place, but were of 
focal character. In particular, small incretory islets 
of ribbon-like configuration with relatively compact 
orientation of the secretory cells were rather often 
encountered. As a rule, similar islets were identified 
in close proximity to the intralobular ducts. In some 
rather large islets, in which especially destructive 
processes were found earlier, on the fourth day of 
experiment the signs of endocrinocytes replication 
were observed. “New” secretory cells (single) were 
revealed throughout, both on the periphery of islets: 
in α-incretory cells localization sites, and in the cen-
tral segments – in sites of β-cells primary localiza-
tion (Figure 1 a; b). The cytoplasm of such hyper-

trophied cells appeared poorly basophilic, moder-
ately vacuolized, the nuclei were hyperchromic. In 
some interacinar and interlobular ducts the signs of 
epitheliocytes activation were observed to have ex-
clusively focal character. 

The results of the immunomorphological analy-
sis testified that precisely in islets, in which along 
with dystrophic and destructive changes repara-
tive-proliferative shifts took place in the structur-
ally preserved incretory cells, the specific fluores-
cence was observed to signify the existence of 
5-BrdU in the content of cytoplasm and nuclei of 
neogenic secretory cells (Figure 2 a; b).

The similar specific fluorescence was regis-
tered in some cells covering an internal surface of 
the interacinar and interlobular ducts. The exis-
tence of single 5-BrdU-positive cells was also ob-
served in some acini, especially at the sites adja-
cent to pancreatic ducts (Figure 5 a).

On the eighth day after STZ injection (group 
2c) the anabolic processes, which were most boldly 
displayed in its incretory apparatus of pancreas, 
dominated. So, rather large oval-form Langerhans 
islets, in which the cytoarchitectonics of the incre-
tory cells was preserved, were very often encoun-
tered. Endocrinocytes were characterized by pro-
portional and rather compact arrangement all over 
the perimeter of islets. Unlike the previous term of 
experiment (the fourth day after STZ injection), no 

FIgure 1. Structural shifts in incretory and excretory apparatus of pancreas on the 4th day of experimentally strep-
tozotocin-induced diabetes. Staining: azure II-eosin. Оb. 40, oc. 15.

a. On the background of diffuse edema profound dystrophic changes and foci of micronecrosis in secretory cells of 
Langerhans islets are revealed. In the central part of the islet a secretory cell with pyknosis and rhexis phenom-
ena of the nucleus is identified; by its structure the cell corresponds to 5-BrdU-positive cell identified in the reac-
tion of immunofluorescence. 

b. Cytoarchitectonics of acini is generally preserved. In micro-foci of the damage an acinar cell is revealed with 
phenomena of cytoplasm degradation and karyorhexis of the nucleus; the cell corresponds to the structure of 
5-BrdU-positive cell identified in the reaction of immunofluorescence. 

ba
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FIgure 2 Topical features of neogenic pancreatic secretory cells localization on the 4th day of experimentally in-
duced diabetes. Indirect immunofluorescence reaction. 

а. Groups of ВгdU-positive cells localized exceptionally in the surface layers of the Langerhans islet. Ob. 10, oc. 7.
b. Detail of preparation а). Specifiic granular and lumpy fluorescence at sites of incretory cells nuclei localization. 

Ob. 40, oc. 15.

signs of activation relevant to reparative-prolifera-
tive processes were observed in pancreatic islets.

In group 3, on the second day after EATM injec-
tion, i.e., on the fourth day after reproduction of STZ 
model of diabetes (group 3а), reparative-proliferative 
processes in pancreas had a more widespread charac-
ter (in comparison with the recovery processes ob-
served in Langerhans islets of animals in group 2). 

Thus, ribbon-like, small and large oval-form Lang-
erhans islets with the presence of preserved secretory 
cells were rather frequent. In exocrine part of the gland 
reparative-proliferative processes in pancreatic ducts 
had more widespread character (Figure 3 a; b).

As shown by results of the immunomorphological 
analysis, in group 3, precisely in the specified islets 
5-BrdU-positive cells were observed much more fre-
quent than in the insular apparatus of the pancreas in 
animals of group 2 (Figure 4 a; b). In the pancreatic 
ducts of rats without EATM injection, no essential 
activation of proliferative processes was observed (in 
comparison with group 2); the state was testified by 
both morphological shifts in the interlobular and aci-
nar ducts, and 5-BrdU-positive epitheliocytes in their 
content (Figure 5 a; b). 

On the sixth day of EATM injection, i.e., on the 
eighth days after STZ injection (subgroup 3b) in both 
groups 2 and 3 in excretory and incretory parts of the 
animal pancreas similar structural changes with identi-
cal character and intensity of reparative-proliferative 
processes were observed. It should be especially noted 
that in animals of both subgroups 3b and 2c, the identi-
cal picture of 5-BrdU-positive incretory cells distribu-
tion in Langerhans islets of the pancreas was observed. 

dIscussIon 

In the model of streptozotocin-induced diabetes 
structural changes in the endocrine and exocrine 
apparatus of the pancreas in dynamics of the re-
gional pathological process were studied. At a def-
inite stage of the experimentally induced diabetes 
in rats – the fourth day of the experiment – in the 
insular apparatus of the pancreas and in its ducts a 
noticeable revival of the reparative processes took 
place. Possible regional mechanisms for restora-
tion of the specified microstructures of pancreas 
were revealed; to this latter testified detection of 
revealed 5-BrdU-positive cells upon the results of 
the enzyme immunoassay. Restoration of the struc-
tural organization of the insular apparatus happens 
due to regeneration of “survived” β-cells, i.e. 
through replication. The similar mechanism of 
β-cells mass restoration in the insular apparatus of 
a pancreas under experimentally induced diabetes 
is considered to be established [Lipsett M., Fine-
good D., 2002; Li Y. et al., 2003; Dor Y. et al., 
2004; Gatford K. et al., 2012]. Thus, new β-cells 
arise owing to replication of the earlier existing 
β-cells [Georgia S., Bhushan A., 2004; Teta M. et 
al., 2007]. According to data of the immunomor-
phological analysis for identification of 5-BrdU-
positive cells, epitheliocytes of the intralobular 
and interlobular duct served as the alternative 
source of the new incretory cells generation. Pre-
cisely in this case the restoration of the insular ap-
paratus β-cells mass is realized due to “‘transfor-
mation”’ of epitheliocytes into endocrynocytes. 

a b
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FIgure 5. Topical features of neogenic cells localization in the inner layer of acinar ducts of pancreas. Indirect im-
munofluorescence reaction. Ob. 10, oc. 7.

a. Rat of the control group on the 4th day of experimentally streptozotocin-induced diabetes. Groups of ВгdU-
positive cells along the longitudinally oriented interacinar ducts. 

b. Rat of the experimental group on the 4th day of experimentally streptozotocin-induced diabetes under conditions of EATM 
administration. Multilayer linear orientation of ВгdU-positive cells along the longitudinally oriented interacinar ducts.

FIgure 4. Topical features of neogenic pancreatic secretory cells localization on the 4th day of experimentally in-
duced diabetes under conditions of preliminary EATM administration. Indirect immunofluorescence reaction. 

а. Groups of ВгdU-positive cells localized both in central, and peripheral parts of Langerhans islets. Ob. 10, oc. 7.
b. Detail of preparation а). Specific granular and lumpy fluorescence at sites of incretory cells nuclei localization in 

central parts of the Langerhans islet. Ob. 40, oc. 15.

FIgure 3. Structural shifts in incretory and excretory apparatus of pancreas on the 4th day of experimentally induced 
diabetes under conditions of EATM administration. Staining: azure II-eosin. Ob. 40, oc. 15. 

a. On the background of separate secretory cells of Langerhans islets the cells with features of profound karyorhexis are re-
vealed; by the structure these cells correspond to 5-BrdU-positive cells identified in the reaction of immunofluorescence. 

b. Profound distrophic changes in the islet of Langerhans. On this background in the intra-acinar duct features of rhexis 
in epithelyocites nuclei were revealed being expressed as the presence of azurophylic grains filling in the duct lumen. 

a b

a b

a b
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The similar mechanism of neogenesis due to 
the stem cells localized in pancreatic ducts is also 
considered to be established [Bernard C. et al., 
1999]. Furthermore, according to Sh. Porat and co-
authors (2011), glucose is the key factor control-
ling replication of β-cells from the stem cells lo-
calized in the pancreatic ducts. 

On the base of the morphological and immuno-
morphological research carried out by us it is also 
possible to conclude that the introduced EATM 
(group 3), at a definite stage of the pathological 
process in pancreas possesses the protective selec-
tive action on the reparative-proliferative pro-
cesses proceeding in the pancreas on the fourth 

day of the experimental STZ-induced diabetes in 
rats. During the specified period, the number of 
5-BrdU-positive endocrinocytes in the insular ap-
paratus of pancreas considerably increased (in 
comparison with 5-BrdU indices in rats of group 
2). At the same time, in pancreatic ducts of animals 
from experimental groups 2 and 3 the content of 
the 5-BrdU-positive cells was approximately iden-
tical. In our opinion, this circumstance testifies 
that the modulating effect of EATM on the incre-
tory apparatus of rats under conditions of experi-
mental STZ diabetes is realized only due to the di-
rected processes of replication, i.e., by the en-
hanced regeneration of survived β-cells. 
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