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ABSTRACT 
 
Introduction: in the study of diabetes mellitus it is essential to use experimental 

models that help to understand the particularities of the disease in humans. 

Objective: to describe the effects of zinc supplementation on pancreatic islet 

morphometry in pregnant Wistar rats with moderate diabetes. 
Methods: a descriptive, cross-sectional, experimental study with quantitative 

approach was performed from January 2016 to December 2018. Histological slides of 

pancreas were analyzed from 32 rats randomly distributed in four experimental 

groups which were induced diabetes mellitus with streptozotocin and treated with zinc 

sulfate. The ANOVA parametric test was applied and a 95% confidence interval was 
used. 

Results: an increase in the mean number of islets was observed in all groups with 

respect to the control group. The highest mean value for both the largest and smallest 

islet diameter was in the diabetic-Zn and control-Zn groups, respectively. The highest 

mean area was in the control-Zn group and the highest circularity was shared by the 

diabetic and diabetic-Zn groups. 
Conclusions: during the study there were no significant differences in the number, 

the largest diameter and the circularity of the pancreatic islets between the study 

groups. No significant effects of zinc supplementation on any of the morphometric 

parameters studied were found. 
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RESUMEN 
 
Introducción: en el estudio de la diabetes mellitus es fundamental la utilización de 

modelos experimentales que ayuden a comprender las particularidades de la 
enfermedad en humanos. 

Objetivo: describir los efectos de un suplemento con zinc sobre la morfometría de los 

islotes pancreáticos en ratas Wistar gestantes con diabetes moderada. 

Métodos: se realizó un estudio descriptivo, transversal, experimental con enfoque 

cuantitativo, de enero de 2016 a diciembre de 2018. Se analizaron láminas 
histológicas de páncreas a 32 ratas distribuidas de forma aleatoria en cuatro grupos 

experimentales a las que se les indujo la diabetes mellitus con estreptozotocina y se 
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trataron con sulfato de zinc. Se aplicó la prueba paramétrica ANOVA y se trabajó con 

un intervalo de confianza del 95%. 

Resultados: se apreció un incremento en la media del número de islotes en todos los 
grupos con respecto al grupo control. El valor más alto de la media, tanto del 

diámetro mayor como del diámetro menor de los islotes, fue la del grupo diabético-Zn 

y control-Zn, respectivamente. La media más elevada del área fue en el grupo 

control-Zn y la circularidad más alta estuvo compartida por los grupos diabéticas y 

diabéticas-Zn. 
Conclusiones: durante el estudio no se evidenciaron diferencias significativas en 

cuanto al número, el diámetro mayor y la circularidad de los islotes pancreáticos entre 

los grupos de estudio. En el trabajo no se evidenciaron efectos significativos del 

suplemento de zinc sobre ninguno de los parámetros morfométricos estudiados. 

Palabras clave: islotes pancreáticos; diabetes mellitus; morfometría; ratas Wistar; 
zinc 

 

INTRODUCTION 
 

Diabetes mellitus (DM) comprises a range of common metabolic disorders 

resulting from various pathogenic mechanisms leading to hyperglycemia. Its 
pathogenesis, influenced by genetic and environmental factors, includes 
insufficient insulin secretion, reduced response to endogenous or exogenous 
insulin, increased glucose production, or abnormalities in fat and protein 

metabolism.(1,2) 
The number of individuals with diabetes is increasing rapidly worldwide, so that 

already in 2011 the International Diabetes Federation reported about 336 
million people with this condition. This disease, in addition to causing 

approximately 4.6 million deaths each year, considerably reduces the quality of 
life and life expectancy of patients, not to mention the high costs of 

treatment.(3) 
The World Health Organization estimates that there are currently more than 

250 million people with diabetes worldwide, 90% of whom are diagnosed as 
type 2 diabetes mellitus (DM2); it is considered likely that this figure will more 
than double by the year 2030 and it is further estimated that up to 30% of the 

actual population with DM2 is still undiagnosed.(4,5) 

The use of animals as experimental models in the study of the pathophysiology 
of diabetes has allowed understanding some of its causes and consequences, 

as well as obtaining advances in its treatment and control, despite the fact that 

its signs and alterations are not exactly reproduced in the animal model. The 

literature reports the use of experimental models of diabetes in different 

species ranging from the dog, cat, rabbit, pig and sheep to the rat. These 
models allow the simulation of some phenomena observed in the clinic and 

contribute to the knowledge of the fisiological, biochemical and environmental 

factors that predispose to the disease.(4) 
Specifically in the rat, diabetes can be produced spontaneously or 

experimentally induced by different methods. Historically, the most important 

was pancreatectomy, which revealed the importance of the islets of 

Langerhans for the regulation of glycemia. Another widely used method to 

experimentally induce DM2 is the chemical destruction of islets with alloxan or 

streptozotocin (STZ).(1,4,6,7,8) 
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Zinc (Zn) is an essential and fundamental micronutrient for humans and other 

organisms that is essential for the synthesis and transcription of 

deoxyribonucleic acid (DNA), protein stabilization and the activity of more than 
300 enzymes directly linked to cellular processes such as cell division and 

apoptosis. In patients with diabetes, a significant increase in urinary Zn 

excretion is observed, and in DM2 a significant decrease in plasma levels of 

this micronutrient has also been observed, suggesting a deterioration of its 

levels directly associated with the disease. In contrast to DM2, plasma Zn 

levels tend to increase in DM1, probably as a result of the destruction of the 
beta cells of the pancreas, which leads to an increase in the supply of this 

micronutrient to the blood. The cause of this phenomenon lies in the high 

concentrations of Zn present in the pancreatic islets, in which it participates in 

the conversion of proinsulin into insulin and in the crystallization of insulin for 
its subsequent release, which clearly demonstrates its importance in the 

metabolism of this hormone.(9,10,11,12) 

Zn is secreted together with insulin and, in fact, insulin hypersecretion can 
deplete the reserves of this element in islet beta cells. In 1938 it was first 

reported that Zn levels in cadavers of diabetic patients were 50% lower 

compared to cadavers of non-diabetic patients, suggesting an association 
between Zn concentration and diabetes, which prompted this 

research.(9,13,14,15) 
 

METHODS 
 

The present work responded to a research project of Basic Biomedical Sciences 
developed at the Biomedical Research Unit of the University of Medical 

Sciences of Villa Clara, Cuba, in which a model of diabetes with moderate 
hyperglycemia and other clinical conditions of type 2 diabetes mellitus was 

reproduced through neonatal induction with streptozotocin (STZ) in female 
Wistar rats in the period from January 2016 to December 2018. 
A descriptive, cross-sectional, experimental study with quantitative approach 

using a morphometric method system was performed. Female Wistar rats from 
the National Center for Laboratory Animal Production were used, subjected to 

conventional all-purpose feeding conditions, CMO 1000 formula and free access 
to water, as well as 12/12 light/dark cycle, room temperature of 25°C and 

controlled humidity of 50 to 70%. The sample consisted of 32 pregnant female 

rats (diabetic: n=16 and healthy: n=16). Four experimental groups were 

formed randomly from diabetic and healthy pregnant rats (control group, 

control-Zn group, diabetic group and diabetic-Zn group), of eight animals 

each; the control and control-Zn groups were administered vehicle (water) or 

the dose of zinc sulfate (50 mg/kg), respectively, the induction of diabetes was 
performed in the diabetic and diabetic-Zn groups, to which a subcutaneous 

injection of STZ was applied on the second day after birth. Each of the groups 

provided five morphometric parameters (number of islets per lamella, largest 

islet diameter, smallest islet diameter, islet area and islet circularity). 

The morphometric study of pancreatic islets was performed on pancreatic 

samples fixed in 10% neutral formalin, processed by the classic technique of 
inclusion in kerosene from the study. Biopsy sections were fixed for 72 hours in 

10% formalin and washed in distilled water for one hour, processed by the 
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kerosene embedding technique due to their small size and followed the 

scheme: dehydration, absolute alcohol at 50, 60, 70, 80, 86 and 100% for 10 

minutes each, clarification, alcohol-Xylol in equal parts for five minutes, 
alcohol-Xylol until clarification and pure alcohol-Xylol for five minutes, 

inclusion, kerosene 10 minutes, kerosene 20 minutes and inclusion kerosene 

20 minutes, all at 56°C. In this way solidified blocks were obtained, cooled in 

ice and cut at 5 micrometers, in a vertical microtome, which allowed obtaining 

serial slices of uniform thickness, which were placed on histological slides 

stained with hematoxylin-eosin under pH control. 
The process for applying hematoxylin-eosin was as follows: 

- The slides are placed in the rack 

- Alcohol-Xylol for dewaxing (five minutes in each alcohol-Xylol, there 

must be four alcohol-Xylol) 
- Alcohol. Three washing alcohols of decreasing degradations are used 

- Water 

- Hematoxylin, from one to three minutes 
- Water, drain well and apply 1% acid alcohol for one minute and then 

water for one to two minutes (pH change) 

- Eosin, one to three minutes 
- Dehydrating alcohols of increasing gradation (six alcohols) 

- Alcohols-Xylol. 
The morphometric examination of the sample was carried out starting with the 

separation, classification and arrangement of the slides. Images were captured 
with a semi-professional Olympus G11 digital camera, coupled to an Olympus 

BH-2 CCD Scion binocular microscope (4x and 20x objective lens and 10x 

eyepiece lens). 

Measurements were determined using the public domain image analysis and 
processing program ImageJ®, version 1.44p (National Institutes of Health, 

United States). Analyses were performed on photographs at 100% of their 
size. A scale of 10 µm (434 pixels) was used to perform the measurements. 
Measurements were executed with subsequent checking to minimize errors and 

were backed up with their traces and annotations for later consultation. The 
calculation options were area and count. Pancreatic islets were counted and 

then the largest diameter, smallest diameter, area and circularity of the islets 
were determined. The data were saved in a Microsoft Excel 2016 spreadsheet, 

designed for this purpose, which was subsequently imported into the statistical 

software package SPSS (Statistical Package for the Social Sciences) version 
20.0 for Windows, for statistical processing of the information. 

 

Operationalization of variables 

The variables corresponded to the histological parameters analyzed: major 
diameter, minor diameter, area and circularity of the islets. In addition, the 

number of islets per slice was counted. The variables were operationalized as 

follows: 

- Number of islets: it is obtained by counting the number of pancreatic 

islets per slice 

- Largest islet diameter: it is obtained by carefully marking from the outer 
edge of one end of the pancreatic islet to the outer edge of the opposite 
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end, it is a flat image. The computer provides its value automatically in 

micrometers 

- Smaller islet diameter: it is achieved by carefully marking from the inner 
edge of one end of the pancreatic islet to the inner edge of the opposite 

end, it is a flat image. The computer provides its value automatically in 

micrometers 

- Islet area: it is achieved by carefully marking the contour of the 

pancreatic islet until it is completely surrounded, it is a flat two-

dimensional image. The computer provides its value automatically in 
square micrometers 

- Circularity of the islet: it is achieved by carefully marking the contour of 

the pancreatic islet until it is completely surrounded; it is a flat two-

dimensional image. The computer provides its value automatically. It 
describes the degree of circularity of an object, such that it has a value 

of one when it is a perfect circle and zero when it is a line. As this value 

increases towards one, it indicates a more circular shape. 
 

Methods of data analysis and processing 

The data collected were summarized and statistically processed using the SPSS 
package version 20.0 for Windows, which are shown in tables and graphs that 

made possible the adequate interpretation of the information collected. For the 
construction of these graphs, the Microsoft Office 2016 version software 

package was used. Descriptive statistical techniques were used to characterize 
the sample by the different variables studied, as well as the use of statistical 

inference to obtain confidence intervals and contrasts between variables 

according to the objectives set, which made it possible to obtain the population 

point behavior of the mean (M)±standard error of the mean (SEM). The 
parametric test (one-factor ANOVA for analysis of variance) was applied in the 

study for group comparisons with a significance level of 0.05. 
Statistical characterization was performed using descriptive statistics: 
a) Arithmetic mean 

b) Standard error of the mean. 
The one-factor ANOVA parametric statistical test was used for analysis of 

variance. The following statistical significance values were considered: 
- If p is less than 0.01 there are highly significant differences. 

- If p is greater than or equal to 0.01 and less than 0.05 there are 

significant differences. 
- If p is greater than and equal to 0.05 there are no significant differences. 

A T-test was performed for comparison of the means of the different groups, 

as well as the standard error of the mean in cases where significance was 

obtained by performing the one-factor ANOVA statistical test. 
 

RESULTS 
 

Table 1 shows that the mean number of islets was lower in the control group 

with 9.88 islets per lamina, while it was higher (14.80) in the control-Zn group. 

The ANOVA test was applied and a bilateral significance value of 0.380 was 
obtained, indicating that this variable does not show significant differences 

between the groups. 
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Table 1. Distribution of the sample according to the number of pancreatic islets per 

slice 
 

Groups 
Number of islets 

Mean Standard error of the mean 

Control 9.88 ± 1.540 

Control-Zn 14.80 ± 2.898 
Diabetic 10.88 ± 2.216 

Diabetic-Zn 10.00 ± 2.211 
 

Data are presented as M±EEM. No statistical significance ANOVA p>0.05 

 
In the control group, the mean islet diameter was 205.45 µm. This mean was 

exceeded in the Zn-diabetic group, while in the rest of the groups it was lower 

than in the control group. The ANOVA test gave a significance value of 0.654, 

indicating that this variable did not show significant differences between the 
groups (Table 2). 

 
Table 2. Sample distribution according to the largest diameter of pancreatic islets 

 

Groups 
Largest diameter of the islet 

Mean Standard error of the mean 

Control 205.45 ± 15.962 

Control-Zn 191.50 ± 8.086 
Diabetic 121.41 ± 8.610 

Diabetic-Zn 256.85 ± 139.396 
 

Data are presented as M±EEM. No statistical significance ANOVA p>0.05 

 
The mean of the smallest islet diameter in the control group was 135.81 µm. 

This value was exceeded in the control-Zn group and in the rest of the groups 

it was smaller than in the control group and the smallest of all was found in the 

diabetic group, with 82.03 µm. The ANOVA test gave a significance value of 

0.000, suggesting highly significant differences between the groups in this 
variable (Table 3). 
 

Table 3. Sample distribution according to the minor diameter of pancreatic islets 
 

Groups 
Minor diameter of the islet 

Mean Standard error of the mean 
Control 135.81 ± 13.435 

Control-Zn 141.02 ± 11.369 
Diabetic 82.03 ± 4.157(*) 

Diabetic-Zn 83.61 ± 2.802(**) 
 

Data are presented as M±EEM. One-factor ANOVA p= 0.000. T-test (*) p<0.05 with respect to the control group, 

(**) p<0.05 with respect to the control-Zn group 

 

With respect to the area of the pancreatic islets, the mean in the control group 

was 19523.55 µm2. This measurement was higher in the control-Zn group and 
in the other two groups it was much lower than that of the control group. 

When a contrast test was performed by means of ANOVA, a bilateral 

significance value of 0.000 was obtained, which shows highly significant 
differences between the groups (Table 4). 
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Table 4. Distribution of the sample according to the area of the pancreatic islets 
 

Groups 
Islet area 

Mean Standard error of the mean 
Control 19523.55 ± 1323.748 

Control-Zn 20987.84 ± 1297.872 
Diabetic 9098.03 ± 1104.258(*) 

Diabetic-Zn 8148.71 ± 520.450(**) 
 

Data are presented as M±EEM. One-factor ANOVA p= 0.000. T-test (*) p<0.05 with respect to the control group, 

(**) p<0.05 with respect to the control-Zn group 

 

The mean islet circularity was similar in the control group and in the control-Zn 

group with 0.86, slightly exceeding the value of the control in the other two 
groups (0.88). The ANOVA test yielded a bilateral significance of 0.176, 

indicating that this variable showed no significant differences between groups 

(Table 5). 

 
Table 5. Distribution of the sample according to the circularity of the pancreatic islets 

 

Groups 
Circularity of the islet 

Mean Standard error of the mean 
Control 0.86 ± 0.008 

Control-Zn 0.86 ± 0.010 
Diabetic 0.88 ± 0.008 

Diabetic-Zn 0.88 ± 0.008 
 

Data are presented as M±EEM. No statistical significance ANOVA p>0.05 

 

DISCUSSION 
 

In the present study, an animal model was used in which streptozotocin was 
used as the induction agent for diabetes and in which characteristics of the 

human diabetic syndrome were evident. 
During the study of the number of pancreatic islets, no significant differences 

were observed between the groups for this variable. According to these results, 
there was no evidence of a positive effect of zinc supplementation on the 

number of islets. The small effect of the induction of type 2 diabetes in rats on 

the number of pancreatic islets in diabetic animals differs from that observed in 

type 1 diabetes, in which a marked decrease in the number of islets has been 
observed. For example, a study conducted by Al-Asadi et al. in 2016 analyzed 

the morphometry of pancreatic islets in diabetic rats and reported that the 

number of islets was even higher in the study group than in the control 
group;(16) however, other research consulted differs from the above results and 

reports a lower number of islets in diabetic rats and even in their offspring. A 

study conducted at the University of Medical Sciences of Villa Clara in 2016 on 

the action of streptozotocin in an experimental model of neonatal induction of 

diabetes showed a significant decrease in the mean number of islets in the 
groups of diabetic rats.(3) 

Similar results were obtained in 2016 in studies investigating the diabetogenic 

action of streptozotocin in an experimental model of neonatal induction.(17,18) 

In a work performed in the same year, the effect of zinc supplementation in 

diabetic rats was studied and it was reported that the difference in mean islet 

number between groups was almost imperceptible.(13) 
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Regarding the analysis of the mean islet diameters, the most striking results 

corresponded to the smallest diameter. When comparing the diabetic group 

with the control group, a significant decrease in this diameter was observed in 
the diabetic group, a result that coincides with what was expected in the 

experimental model; however, a decrease in this value was also observed in 

the Zn-diabetic group with respect to the Zn-control, which was not the result 

expected for the experimental model. In both cases the differences between 

the groups were highly significant. The smaller diameter was also slightly 

larger in the diabetic-Zn group than in the diabetic group, but this difference 
was not significant. In the case of the largest islet diameter, no significant 

differences were found between the study groups. 

Equally interesting was the analysis of the mean pancreatic islet area. The 

comparison of the diabetic group with the control group showed that the area 
of the islets was smaller in the diabetic group, as expected in the experimental 

model, since the presence of smaller islets is to be expected in diabetic 

animals. When the same comparison was made between the diabetic-Zn group 
and the control-Zn group, it was observed that the mean of the diabetic-Zn 

group was much lower. In both cases the differences between the groups were 

highly significant; however, no significant differences were found between the 
diabetic-Zn group and the diabetic group. As can be seen, the induction of type 

2 diabetes in the pregnant rats corresponded to a decrease in islet area, but it 
was not possible to observe any influence of zinc supplementation on this 

parameter. An analogous result regarding the effect of zinc on islet size had 
already been reported.(13) 

In a 2016 study at Al-Nahrain University in Iraq they analyzed pregnancy-

induced histomorphometric changes in pancreatic islets and noted that 

gestation was associated with an increase in islet area.(16) In another study, no 
significant differences in pancreatic islet area between diabetic and healthy 

rats were reported.(17) In a human research conducted in 2019 in Sweden, no 
significant differences in islet area of diabetic and healthy patients were also 
found.(19) 

With respect to the islet circularity variable, the mean value was similar in the 
control group and in the Zn-control group, while it was slightly higher in the 

rest of the groups; no significant differences between the groups were 
demonstrated. Taking into account that circularity allows us to evaluate the 

shape of an object, these results suggest that there were no significant 

deformations of the islets in the different study groups. This finding seems to 
indicate that beta-cell destruction in diabetes is not necessarily always 

accompanied by visible alterations in islet shape. A remarkable loss of beta 

cells without significant alterations in islet shape in diabetic rats had already 

been reported in previous research.(20) 
A comparable result was offered in another work in which also no significant 

differences in pancreatic islet shape were reported in healthy patients and 

patients with type 2 diabetes.(19) 

 

CONCLUSIONS 
 
The present investigation was aimed to describe the effects of zinc 

supplementation on pancreatic islet morphometry in pregnant Wistar rats with 
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moderate diabetes. During the study, no significant differences in the number, 

major diameter and circularity of pancreatic islets were evident between the 

study groups. Both the area and the smallest diameter of the islets were 
significantly lower in the diabetic group than in the control group. These 

parameters behaved similarly in the Zn-diabetic group compared to the 

control. No significant effects of zinc supplementation on any of the 

morphometric parameters studied were found. 
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