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ARTICLE INFO ABSTRACT

Keywords: Aim: At performing a temporal analysis of the distribution pattern of islet endocrine cells and antioxidant en-
Insulin zymes in diabetic rats during the post-natal critical development window.

Somatostatin Main methods: The newborns received streptozotocin (STZ) at birth for diabetes induction, and control females
Glucagon received the vehicle. The animals were euthanized at different lifetimes: D5, D10, D15, and D30. Morphological
Oxidative stress . . .

Rats analysis of pancreas and biochemical assays was performed.

Key findings: The STZ-induced rats presented irregular shape of islet on D5 and there was an attempt to restore of
this shape in other life moment studied. There was an increase progressive in islet area, however they main-
tained smaller than those of control rats, with lower labeling intensity for insulin, higher for glucagon and
somatostatin, lower for SOD-1 was lower in the islets of the STZ-induced animals at all times studied and for
GSH-Px in D10 and D30.

Significance: Although STZ-induced diabetic rats presented compensatory mechanisms to restore the mass of
endocrine cells, this was not sufficient since these rats developed the diabetic state. This was confirmed by the
oral glucose tolerance test from D30. In addition, the delta (8)-cells presented ectopic location in islets, in-
dicating a possible relationship for beta ((3)-cell mass restoration. There was a response of the pancreas to reduce
the hyperglycemia in the first month of life. Furthermore, the cells from the endocrine pancreas of diabetic
animals show a decline of antioxidant enzymatic, contributing to the increased susceptibility of cells to hy-
perglycemia-induced ROS in this postnatal critical development window.

1. Introduction

Pancreatic islets are specialized endocrine micro-organs composed
of cells alpha a (glucagon), beta 3 (insulin), delta 8 (somatostatin), PP
(pancreatic polypeptide), and epsilon € (ghrelin) [1]. These cells com-
municate via GAP junction or a paracrine pathway [2]. The cytoarch-
itecture of mouse and human pancreatic islets is similar, in both
showing a mantle-core pattern in which p-cells are surrounded by non-
B-cells [3].

In mammalian species, most a- and 8-pancreatic cells are aligned
along blood vessels. This close contact with capillary blood vessels

enable these cells to sense changes in glucose which are communicated
from non-f to B-cells through blood to regulate insulin secretion [4-8].
Thus, insulin and glucagon together regulate glucose homeostasis as
glucagon increases blood glucose levels, whereas insulin decreases it
when necessary [1]. Somatostatin inhibits both glucagon and insulin
release and, therefore, plays an indirect role in glucose regulation [9].

There is evidence that hyperglycemia increases the production of
reactive oxygen species (ROS) by increasing the flux of electron donors
into the mitochondrial electron-transport chain [10]. ROS plays an
important role in the pathogenesis of P-cell loss in Diabetes mellitus
(DM). When glucose concentration rises, (3-cells increase their oxidative
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glucose catabolism, which causes insulin synthesis and secretion to
permit glucose to be used by the peripheral tissues [11]. Insulin-pro-
ducing cells have a particularly low antioxidative defense capacity with
a very low expression of the antioxidant enzymes superoxide dismutase
(SOD) and glutathione peroxidase (GSH-Px) [12,13]. Thus, B-cells are
the most susceptible to oxidative stress, which affects insulin expression
and secretion as well as increases apoptosis aggravating the hypergly-
cemic state [14].

Diabetes has been induced by beta-cytotoxic drug streptozotocin
(STZ) in the laboratory animal models. STZ presents glucose compo-
nent, is stored in beta (B) cells through glucose transporter type 2
(GLUT 2) in the plasma membrane [11,15]. GLUT-2 is expressed in the
majority of pancreatic -cells and is not expressed in non-f3-cells (o and
8) of the rat islets [16]. Thus, STZ affects insulin synthesis and secretion
through three mechanisms inducing 3-cell death: DNA methylation by
carbonium ion (CH3%) formation, which triggers poly (ADP-ribose)
synthetase; nitric oxide production; and free radical generation in the
plasma membrane [15,17].

For mild diabetes induction, the rats receive STZ during neonatal
period. The diabetic animals present glycemic levels at adulthood si-
milar to Type 2 Diabetes mellitus and/or human Gestational Diabetes
mellitus [18]. The neonatal period is considered as a critical develop-
ment window for the pancreas in mammals. In lactating rats, there is a
higher consumption of carbohydrates and lipids, which stimulates the
endocrine pancreas and increases the rate of P-cell proliferation
[19,20], reduces glucose sensitivity and insulin secretion [20]. For this
reason, the lactation period is considered a period of pancreatic re-
modeling. Several studies using STZ in neonatal period as diabetes
model have been conducted to understand how f-cell regeneration
occurs after injury [21-25]. STZ-injected rat in neonatal period showed
that the islets undergo a rapid regeneration with generation of new
islets and restructuring of preexisting islets. In addition, glucagon-po-
sitive cell hyperplasia has been observed, which probably reflects the
homeostatic stimulus to restore cell mass that becomes age-limiting
[26].

The structural and functional changes on the rat pancreatic islets
after birth clearly indicate that this period is a critical development
window in rats. In addition, some of these changes can cause diseases,
such as diabetes in adulthood. However, there is no evidence of the
involvement of antioxidant defenses in these alterations in pancreatic
islets after 3-cell injury. Thus, in order to improve our understanding of
islet structural and functional changes, this study aimed at performing a
temporal analysis of the distribution pattern of islet endocrine cells and
antioxidant enzymes in diabetic rats during the post-natal critical de-
velopment window.

2. Materials and method
2.1. Animals

Wistar rats were maintained under controlled conditions of tem-
perature (22 * 2°C), humidity (50 * 10%) and light/dark cycle
(12 h) in the Laboratory of Experimental Research in Gynecology and
Obstetrics. Filtered water and feed were offered ad libitum. These rats
were mated with normoglycemic males (ratio of two females and one
male rat) to obtain newborns (NB) for the distribution of non-diabetic
(control) and STZ-injected groups (induction of diabetes). The Ethics
Committee on Animal Use (CEUA) of Botucatu Medical School/Unesp
approved all the experimental procedures applied in this study
(Number of Protocol 1219/2017).

2.2. Experimental design

Fig. 1 shows a schematic representation of the experimental design.
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2.2.1. Streptozotocin administration

Wistar rats bred in our animal facility were fed ad libitum with
commercial rat chow (Purina®, Brazil). Pups were injected with strep-
tozotocin (100 mg/kg, sc., Sigma—Aldrich, St. Louis, MO, USA) diluted
in citrate buffer (0.10 M, pH 4.5, Sigma-Aldrich, USA) on day of birth
[27] to induce beta cell necrosis, reproducing glycemic levels similar to
Type 2 Diabetes mellitus or Gestational diabetes. Control animals were
injected with citrate buffer alone. In a different way to Gallego et al.
[27], in this study as an inclusion criterion, the glycemia of each
newborn was determined on day 5 of life (D5) by lancing the tail vein of
the animal to obtain a drop of blood. This criterion was used because
the animals were killed before adulthood (90 days). The blood sample
was read in a conventional glucometer. STZ rats were considered as
diabetic when presented a glycemia equal to or > 400 mg/dL on D5,
and female offspring that presented no glycemia equal to or lower than
400 mg/dL were discarded. For the control group, female offspring with
glycemia < 120 mg/dL on D5 were included [28]. The animals were
pseudorandomly assigned (maximum of 5 newborns/mother) to com-
pose different pool per group for the experiment on D5, D10 and D15,
and 2 pups/mother on D30.

2.2.2. Experimental groups

The experimental groups were: Control - female newborns rats that
received the vehicle citrate buffer in the first day of life (D1), and STZ -
female newborns injected with STZ in D1 to induce diabetic status.
Animals from both groups were euthanized at days 5 (confirmation of
STZ action), 10, 15 (breastfeeding phase), and 30 (post-weaning
period). The days 10 and 15 corresponds to the pancreatic regeneration
period, while day 30 represents the period immediately after cell re-
generation and possible changes related to the weaning period.

2.2.3. Oral glucose tolerance test (OGTT)

At 28 days of life, the D30 groups were submitted to an oral glucose
tolerance test (OGTT). Briefly, after six hours of fasting, a drop of blood
was collected by venipuncture from the tail for glycemic determination
(time 0). Then, rats received glucose solution by intragastric route
(2.0 g/kg body weight), and after 30, 60 and 120 min the blood glucose
levels were measured and used to estimate the total area under the
curve by the mathematic trapezoidal method [29].

2.2.4. Blood and pancreas sample collection

At the studied moments (D5, D10, 15 and 30), the animals were
anesthetized with sodium thiopental (Thiopentax®, Cristalia, Brazil)
and euthanized by decapitation, the blood samples were collected and
used to determine insulin, glucagon, and fructosamine in serum. Then,
the animals were submitted to laparotomy for the collection of the
pancreas for immunolabeling of insulin, glucagon, somatostatin, SOD-1
and GSH-Px.

2.3. Serum insulin, glucagon and fructosamine measurements

The whole blood samples were centrifuged at 1575 X g for 10 min at
4°C, and the obtained serum was stored in a freezer at —80 °C. The
insulin (Crystal Chemical® - Code: 90060, USA) and glucagon (Sigma
Aldrich® - Code: RAB0202, USA) measurements were determined ac-
cording to manufacturer instructions of the specific commercial kits.
The serum fructosamine concentrations (a biomarker of glycated serum
protein) were measured by the Clinical Laboratory of School of
Veterinary Medicine and Animal Science (FMVZ), Unesp.

2.4. Morphological analysis of the pancreas

After its dissection, the pancreas was weighed and fixed in 10%
formaldehyde for 24 h, dehydrated in progressive alcohol concentra-
tions and embedded in paraffin. Sections of 5 um width were obtained
using a rotary microtome and stained with hematoxylin and eosin for
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Fig. 1. Experimental design.

Fig. 2. Pancreatic islets of the control and STZ animals on day 5 (D5) of life (Hematoxilin/Eosin). A- Pancreatic islet in control group (40 X magnification). B-

Pancreatic islet in STZ group (40 X magnification).

conventional histological analysis and measurement of pancreatic islets
area. The pancreatic islets were identified and the images were cap-
tured using the computerized image system (Software KS-300, version
3.0, Zeiss®), integrated with the digital camera image (CCD-IRIS/RGB,
Sony®, China) microscope (DMR, Leica®, Brazil). The images were
analyzed through ImageJ® software, and the area was presented in
pixels®. The same material was used for immunohistochemistrical
analysis. Each section of 5um width was incubated with polyclonal
specific antibody against insulin, glucagon, and somatostatin for eva-
luation of pancreatic islet hormones, and anti-superoxide dismutase 1,
and anti-glutathione peroxidase for antioxidant enzymatic analysis.
Antigen retrieval was performed in the Elite Bistro® pressure cooker
with citrate solution (pH 6.0) for 30 min for anti-insulin and anti-glu-
cagon antibodies and for anti-superoxide dismutase 1, anti-glutathione
peroxidase during 20 min. For anti-somatostatin antibody, antigen re-
trieval was not performed. Endogenous peroxidase (peroxidase in-
hibitor containing hydrogen peroxide and 15mM sodium azide -
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Dako®) blockade was performed for 40 min at room temperature for all
antibodies. For the blockade of non-specific proteins, Protein Block
(0.25% casein in PBS, containing carrier protein and 15 mM sodium
azide - Dako®) was used for 30 min in an oven at 27 °C. Blockade with
8% skim milk (Molico®, Brazil) was used for anti-superoxide dismutase
1 and anti-glutathione peroxidase antibodies for one hour at room
temperature. Dilutions for the primary antibodies were: 1: 10,000 anti-
insulin (Abcam®, USA, Code: ab8304 incubation for one hour in an
oven at 27 °C); 1: 500 anti-glucagon (Abcam®, USA, Code: ab8055 -
incubation for two hours in an oven at 27 °C); 1: 2000 anti-somatostatin
(Dako®, USA, Code: a0566 - overnight incubation in a refrigerator at
4 °C); 1:200 anti-superoxide dismutase 1 (Abcam®, USA, ab16831-24 h
at 4 °C); 1:400 anti-glutathione peroxidase (Abcam®, USA, ab22604-,
24 h at 4 °C). After incubation of the primary antibody, the secondary
antibody (Histofine) was added for 30 min in an oven at 27 °C. For the
development of peroxidase, the chromogen DAB (3,3-diaminobenzi-
dine) was used for 3 min at room temperature. Then, the slides were
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Fig. 3. A - Insulin (mg/dL). B — Glucagon (ng/mL) concentrations in serum of the control and STZ animals at different moments of life (days 10, 15 and 30 of life)

(n = 5 animals/group).

Data expressed as the mean * standard deviation (Gamma Distribution).

*p < 0.05 - compared to the Control group.
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Fig. 4. Pancreatic islet area (pixelsz) in the control and STZ animals.in different moments of life (days 10, 15 and 30 of life).

Data expressed as the mean = standard deviation (Poisson Distribution).

*p < 0.05 - compared to the Control group.
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Fig. 5. Immunostaining for insulin (B-cells) in the pancreatic
islets of the control and STZ animals. A- Percentage of im-
munolabeled cells for insulin in the control and STZ groups at
different moments of life (days 10, 15 and 30 of life) (n = 100
islets/group). B- Immunohistochemistry micrograph of in-
sulin, 3-cells are located in the center of the pancreatic islet of
the control group (D30) (40 X magnification). C- The same
location of B-cells is seen pancreatic islet of the STZ group
(D30) (40 x magnification). D- Negative control for insulin
immunohistochemistry (40 X magnification).

Data expressed as the mean =+ standard deviation (Poisson
Distribution).

*p < 0.05 - compared to the Control group.

counterstained in Mayer's hematoxylin and mounted.

The images were captured using the computerized image system
(Software KS-300, version 3.0, Zeiss®), integrated to digital camera
image (CCD-IRIS/RGB, Sony®, China), and microscope (DMR, Leica®,
Brazil). The cells of the pancreatic islets were identified and classified
by the presence of cytoplasmic labeling for the antibodies insulin,
glucagon and somatostatin. Cell counts were performed using ImageJ®
software (NIH, USA). The percentage of cells present in each pancreatic
islet was calculated by the ratio between the number of immunolabeled
cells and the number of total cells and the value obtained was multi-
plied by 100. Because GSH-Px and SOD-1 are present in all endocrine
pancreatic cells, the analysis of these antioxidant enzymes was per-
formed by the intensity of immunostaining by ImageJ®.

2.5. Statistical analysis

All analyses were carried out with the assistance of the Biostatistics
specialist at the Office of Research Support (EAP) of the Faculty of
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Medicine of Botucatu, Unesp. A completely randomized design was
used to calculate the sample size (n), with an “n” of 10 animals/group
established for each period of life. For immunohistochemical analysis,
the calculation was estimated in six animals/group for each period,
with a minimum of 10 islets/animal/pancreas. For comparison between
serum insulin and glucagon concentrations, Gamma Distribution Test
was used. The area and percentage of cells immunolabeled for insulin,
glucagon, and somatostatin was analyzed by Poisson. The relative
weight of the pancreas was analyzed by Tukey's Multiple Comparison
Test. Pearson's correlation was used to analyze the correlations between
the percentage of cells immunolabeled for insulin, somatostatin, and
glucagon. The labeling intensity for Superoxide Dismutase 1 (SOD-1)
and Glutathione Peroxidase (GSH-Px) was analyzed by the Gamma
Distribution test. For all comparisons, it was considered the minimum
limit of the statistical significance of p < 0.05.
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Fig. 6. Immunostaining for somatostatin (§-cells) in the pan-
creatic islets of the control and STZ animals. A- Percentage of
immunolabeled cells for somatostatin comparing the control
and STZ groups at different moments of life (days 10, 15 and
30 of life) (n = 100 islets/group). B- Representative micro-
graph of immunostaining for somatostatin, showing positive
cells in the periphery of the pancreatic islet in the control
group (D30) (40X magnification). C- In contrast, im-
munostained cells for somatostatin are located in the center of
the pancreatic islet in the STZ group (D30) (40 X magnifica-
tion). D- Negative control for somatostatin
munohistochemistry (40 x magnification).

Data expressed as the mean *+ standard deviation.

* p < 0.05 - compared to the Control group (Poisson
Distribution).

im-

3. Results

To confirm the STZ action on pancreatic f3-cell in newborn rats, a
comparative analysis was performed between STZ and control (non-
diabetic) animals at D5. In comparison with the control group (gly-
cemia = 92 = 20 mg/dL), the STZ animals showed higher glycemic
levels (520 * 118 mg/dL) at D5 (p < 0.0001). These animals also
showed higher insulin (STZ = 1.03 + 0.60 versus control = 0.21 =+

0.06 ng/mL, p < 0.0001) and glucagon levels (STZ = 0.74 * 0.34
versus control = 0.43 * 0.08 ng/mL, p = 0,005). In relation to the
morphological analysis, the STZ rats showed abnormal distribution of
pancreatic endocrine cells characterized by circular shape and pre-
senting extensions around them, covering not only the cells of the en-
docrine pancreas but also cells of the duct and acini (Fig. 2). STZ ani-
mals presented a decreased area of pancreatic islets compared to
control group (STZ = 5058 = 2680 versus control = 7115 * 2245
pixels?, p = 0,0023). There was a lower percentage of p-cells
(STZ = 27.34 + 7.95 versus Control = 50.50 + 8.75, p < 0.0001)
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and a higher percentage of cells immunolabeled for glucagon

(STZ = 49.07 = 11.96 versus Control = 27.29 + 8.45,p < 0.0001)

and somatostatin (STZ = 30.31 = 10.45 versus Control = 16.51 *
6.58, p < 0.0001). In relation to the antioxidant enzymes, the STZ

rats showed a decrease in the labeling intensity for SOD-1 in relation to

the control (STZ = 4707 *= 1941 versus Control = 229,915 =+
185,114, p < 0.0001) at D5 (Supplementary material).

The serum insulin concentration of the control and STZ animals in
D10, D15, and D30 is shown in Fig. 3A. The STZ rats presented lower
serum insulin concentration in D15 when compared to the control
group (Fig. 3A). In relation to the serum glucagon concentration, there
were higher levels of this hormone in D30 in relation to the other days
of the control group. The STZ rats had higher glucagon levels on D10
and D15 when compared to the respective days of the control group
(Fig. 3B).

Fig. 4 shows the area of the pancreatic islets on the different days of
control and STZ groups. At all the evaluated moments (D10, D15 and
D30) the animals of the STZ group presented smaller pancreatic islet
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Fig. 7. Immunostaining for glucagon (a-cells) in the pan-
creatic islets of the control and STZ animals. A- Percentage of
cells immunolabeled for glucagon from the control and STZ
groups at different moments of life (days 10, 15 and 30 of life)
(n = 100 islets/group). B- Cells that showed immunostaining
for glucagon are in the periphery of the pancreatic islet of the
control group (D30) (40 X magnification). C- In contrast, in
STZ animals immunostained cells for glucagon are in the
periphery and some of them are near to the center of the
pancreatic islet (D30) (40x magnification). D- Negative
control for glucagon immunohistochemistry (40 x magnifi-
cation).

Data expressed as the mean *+ standard deviation.

*p < 0.05 - compared to the Control group (Poisson distribu-
tion).

Table 1
Correlation among the percentage of f, a, 8-pancreatic cells on different moments of life (days 10, 15 and 30 of life).
D10 D15 D30
B cell - a cell r’= - 0.32787 (p=0.001) r’= - 0.48011 (p < 0.0001) r’= - 0.50396 (p < 0.0001)
B cell - 8 cell r’= - 0.37485 (p=0.0015) r’= - 0.15599 (p= 0.1670) r’= - 0.2163 (p= 0.0729)
a cell - 8 cell r’= 0.50793 (p=0.0002) r’= 0.22550 (p=0.0443) r’= 0.20436 (p=0.0897)

Pearson's Correlation.

area compared to control group.

The STZ rats presented lower percentage of 3-cells than the control
group on all evaluated days (Fig. 5A). Independently of the group
(control or STZ), the p-cells were located in the center of the pancreatic
islet (Fig. 5B and C, respectively).

Concerning the percentage of §-cells (Fig. 6), the STZ group showed
a higher percentage of somatostatin-immunolabeled cells at all eval-
uated moments when compared to the control group (Fig. 6A). In the
control group, somatostatin-immunolabeled cells remained at the
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periphery of the pancreatic islet (Fig. 6B), and higher amount of 8-cells
were seen dispersed within the pancreatic islets of STZ rats (Fig. 6C).

In the pancreas of the STZ rats, there was a higher percentage of a-
cells on all evaluated days compared to the control group (Fig. 7A),
being located at the periphery of the islets (Fig. 7B and C).

Table 1 presents the correlations between the different cell types (3,
8, a) on D10, D15, and D30. Regarding the correlation between the
percentage of § and a cells, a negative correlation was observed in all
the studied days (Table 1). There was a significant negative correlation
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between the percentage of cells B and & on D10. A positive correlation
was found between a and §-cells on D10 and D15.

The STZ rats presented lower SOD-1 labeling intensity in D10, D15,
and D30 compared with those of the control group (Fig. 8). As for GSH-
Px, the STZ group had lower labeling intensity in D10 and D30 (Fig. 9)
when compared to the control group.

The STZ rats presented two altered glycemic points (30 and 60 min)
in relation to the control group during OGTT (Fig. 10A). There was a
significant difference in AUC between both groups (Fig. 10B). In ad-
dition to the glycemia changes observed after glucose overload, STZ
animals at D30 presented higher concentrations of fructosamine
(STZ = 102.35 = 4.71 versus control = 73.31 * 3.19 umol/L), con-
firming hyperglycemia in these animals during the last three weeks.

4. Discussion

The present study showed that endocrine cells from pancreatic islets
of STZ-injected rats undergo temporal structural changes, especially in

D30

64

Fig. 8. Inmunostaining for SOD-1 in the pancreatic islets of
the control and STZ animals. A- Intensity of labeling for SOD-
1-immunolabelled cells in the pancreatic islets of the control
and STZ animals at different moments of life (days 10, 15 and
30 of life). B- Nuclear and cytoplasmic immunostaining for
SOD-1 in the pancreatic islet of the control group (D30) (40 x
magnification). C- Nuclear and cytoplasmic immunostaining
for SOD-1 in the pancreatic islet of the STZ group (D30) (40 X
magnification). D- Negative control for SOD-1 im-
munohistochemistry (40 X magnification).

Data expressed as the mean + standard deviation.

*p <0.05 - compared to the Control group (Gamma
Distribution).

the 8-cell location. There are also functional alterations (reduction of
the antioxidant enzymes) that lead to the development of diabetes
during postnatal critical development window.

The structural alterations after STZ administration have seen ob-
served at D5 of life presenting a reduced islet area and loss of the cy-
toarchitecture. In addition, the animals presented severe hyperglycemia
(glycemia =400 mg/dL) and hyperinsulinemia. The STZ-induced p-cell
necrosis is related to pre-proinsulin and proinsulin release, increasing
the insulin levels in these animals, which were detected by assay per-
formed. The commercial kit used in this study was not specific for only
insulin content, but pre-proinsulin and proinsulin release after the -
cell death. Thus, this fact could explain the hyperinsulinemic status on
D5 of STZ-injected rats.

After the initial injury caused by STZ action, at days D10, D15 and
D30 of life, the islets area remained decreased and the shape was re-
stored. However, the 8-cell location remained ectopic, spread among f3-
cells, in the center of the islets, damaging the mantle-core structure
present in rodents. Several studies with STZ analyzed the changes in a
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Fig. 9. Inmunostaining for GSH-Px in the pancreatic islets of
7.000 the control and STZ animals. A- Intensity of labeling for GSH-
@ Conrol Px-immunolabeled cells in the pancreatic islets of the control
6.000 ontro. and STZ animals at different moments of life (days 10, 15 and
- ’ m Diabetic 30 of life). B- Nuclear and cytoplasmic immunostaining for
NE GSH-Px in the pancreatic islet of the control group (D30)
% 5.000 (40 x magnification). C- Nuclear and cytoplasmic im-
E munostaining for GSH-Px in the pancreatic islet of the STZ
'é group (D30) (40 x magnification). D- Negative control for
Z 4.000 1 GSH-Px immunohistochemistry (40 X magnification).
g s Data expressed as the mean + standard deviation.
g 3.000 - * p < 0.05 - compared to the Control group (Gamma
— Distribution).
&
= 2.000
7]
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and B-cells [26,30,31]. Thyssen et al. [26] using STZ-injected rat at day
4 of life verified colocalization of glucagon with either Pdx-1 or Glut-2
in STZ-treated animals, indicating that a-cells are involved in the re-
generation of P-cells. The ectopic activity of Pdx-1, combined with
other factors, may be part of the mechanism of conversion of a and
acinar cells as insulin producer. Pdx-1 binds to glucagon and insulin
promoters, inhibiting glucagon expression and inducing insulin tran-
scription [32-35]. Liang et al. [30] also observed the ability of a-cells
dedifferentiated into endocrine precursor cells after STZ administration
in neonatal period. Although other studies have evaluated the o and 8-
cell regeneration after STZ administration in adult mice [36,37], the
data not suggest a replacement of B-cells derived by reprogrammed a-
cell in adult life [26,30]. However, another study using diphtheria toxin
for B-cell extreme loss presented colocalization of insulin and glucagon
in islets in adulthood [38], which shows that [3-cell restoration from a-
cell reprogramming is related to neonatal period or after (3-cell extreme
loss (99%).

Our data demonstrated a negative correlation between the percen-
tage of labeled cells for insulin and somatostatin at the day 10 of life,
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inverse relationship between - and a-cells on all days studied and
positive correlation between a and 8-cells on days 10 and 15. These
findings suggest that a and 8-cells may be reprogrammed into another
cell type.

Despite on structural changes observed until D15, the lower serum
insulin and higher glucagon levels show that at this stage the pancreas
was unable to restore basal insulin secretion. An increase in the labeling
pattern of the enzyme glutathione peroxidase was possibly attempting
to compensate alterations in redox status during the remodeling of the
pancreatic islets. However, this was not sufficient since the im-
munolabeling with insulin was reduced and there was an increase in the
glucagon and somatostatin labeling in all periods analyzed. In addition,
the experimental model used in this study showed that STZ-induced
diabetic rats had a decrease in the intensity of labeling for SOD-1 at all
evaluated times and a decrease in GSH-Px on days 10 and 30 of life.
Oxidative stress associated with decreased antioxidant enzymes has
been observed in studies with clinical and experimental diabetes
[39,40]. The B-cells from adult male rats were isolated and placed at
different concentrations of glucose to analyze the antioxidant enzymes
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Fig. 10. A - Oral Glucose Tolerance Test (OGTT). B - Area under the curve of control and STZ rats on day D28 of life.

Data expressed as the mean =+ standard deviation (n = 10 animals/group).

*p < 0.05 - compared to the control group (t-Test with repeated measures for OGTT and t-Test for area under the curve - AUC).

and the presence of ROS. B-cells, responsive to glucose, present a de-
crease in SOD levels at high glucose concentrations (300 mg/dL) [41].
However, in this study, our evaluation with lipoperoxidation bio-
markers is necessary to confirm the oxidative stress in diabetic animals
during the first month of life.

These endocrine pancreatic changes are occurring in the attempt to
control glycemic levels after insult in the pancreas. This fact can be
confirmed by the basal insulin levels, which were restored from D30 of
life since in fasting glycemia of the rats (control versus STZ) showed no
differences. However, after a glucose overload in OGTT, the STZ rats
presented high glycemic levels and no glycemic return at the end of this
test, confirming diabetic status in the first month of life after STZ injury.

5. Conclusion

In conclusion, after destruction of pancreatic (3-cells on the first day
of life by STZ, there was a response of the pancreas to restore the basal
glucose and insulin levels in the first month of life. However, the ani-
mals presented abnormal distribution in the number of B-, 8- and a-
cells, decreased islet area with ectopic 8-cells and a decline of anti-
oxidant enzymes. This fact contributed to an increased susceptibility of
cells to hyperglycemia-induced ROS in this postnatal critical develop-
ment window and onset of diabetes from day 30 of life of rats.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.1fs.2019.03.061.
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