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ABSTRACT

All-trans retinoic acid (ATRA) has been extensively studied as an integrating com-

ponent of endocrine functions in the pancreas. The aim of this study was to evalu-

ate the effects of ATRA on physiopathological biomarkers in an experimental

model of rat with type 1 diabetes induced by alloxan (T1D). Twenty Wistar rats

were divided equally into five groups, each receiving a different treatment: a con-

trol group (CG), a diabetic group without T1D treatment, a diabetic group treated

with ATRA, a diabetic group supplemented with vitamin E (VIT E), and a group

that was given olive oil (V). The administration of ATRA for 17 days produced a

significant reduction in weight and glucose levels, compared to the T1D and VIT E

groups. The evaluation of total antioxidant capacity (TAC) and lipoperoxidation

showed no relevant difference among the groups. The results of the histological

analysis showed similarities both in the size and in the number of islets of Langer-

hans in the pancreatic tissue obtained from the ATRA group and the CG. ATRA

displayed a significant reduction of glycemic values in diabetic rats. Ultrastruc-

turally, ß-cells, acinar, and ductal cells restored their normal appearance. ATRA

can contribute to the recovery of pancreatic damage due to alloxan induction. It

seems that the antioxidant effect of ATRA is not responsible for the differences

observed.

INTRODUCT ION

T1D is an autoimmune disease, characterized by

destruction of pancreatic b cells, which are responsible

for the production of insulin [1]. Insulin alters carbohy-

drate metabolism and diminishes plasma glucose with

some different pathway, for example, through protein

kinase B dependent pathway to induce insertion of

GLUT4 into the cell membrane of muscle and adipose

tissue [2]. The resulting hyperglycemia, increased fat

decomposition, fatty acid oxidation and ketone produc-

tion, and consequential severe metabolic disturbances

are fatal without the administration of exogenous insu-

lin [3]. High concentrations of oxygen reactive species

(ROS) and low antioxidant levels have also been

observed in patients with diabetes. Hence, over the past
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decades, oxidative stress has been regarded as a major

risk factor in the onset and progression of the disease

[4]. Cytotoxic activity of diabetogenic compounds, such

as alloxan, is directed mainly toward promoting ROS

release [5], alloxan is metabolized to dialuric acid,

establishing a redox cycle where superoxide radicals

are further produced [6]. These free radicals can form

hydrogen peroxide through dismutation, leading to the

production of highly reactive hydroxyl radicals and a

simultaneous surge of intracellular calcium, overall

triggering rapid b-cell apoptosis [7]. All-trans retinoic

acid, also known as ATRA, has shown a reductive

activity on cytosolic ROS reducing metabolic stress in

patients with T1D [8]. ATRA may also interact with

intracellular receptors RXR and RAR, which play a

role in genomic reaction and transcription of glycopro-

teins that are involved in the development of the

immune system, epithelial adherent junctions, and

ionic flow [9–11]. Moreover, RAR-ATRA are required

for endocrine cell differentiation and the generation of

insulin-producing b-cells in the developing

embryostructure [12] and insulin secretion [13] as well

as modulates cellular differentiation, proliferation and

survival [14]. Recent studies suggest that Retinoic acid

receptor-related orphan receptor (ROR) regulates insu-

lin expression indirectly by stimulating the expression

of beta 2, which is one of the insulin gene active tran-

scription factors [15]. Furthermore, ATRA stimulates

endocrine transdifferentiation and in vitro response of

pancreatic pleomorphic ductal adenocarcinoma to cell

glucose [14]. These features make ATRA a potential

therapeutic agent, due to its diverse effects on metabo-

lism, protein oxidation, tissue regeneration, as well as

an impact on T1D complications, such as nephropathy,

albuminuria, and metabolic syndrome [16,17]. Until

now, only vitamin E has been considered as a useful

adjuvant in the treatment of diabetes complications

[18].

Other studies have also described changes in weight,

glucose, and antioxidant enzyme levels, as well as out-

comes of ATRA administration on regulation of uri-

nary proteins, creatinine, monocyte chemoattractant

peptide-1 (MCP-1) in rats with induced diabetes [19].

Effects of ATRA administration on decrement of IFN-c
and IL-4 levels have also been observed [20].

MATER IALS AND METHODS

Twenty Wistar female rats, with ages ranging from 7

to 8 weeks old and weight from 180 to 260 g, were

collected from our animal care facility (Facultad de

Medicina, Universidad Aut�onoma de Coahuila,

Torre�on, Mexico). All animals were kept in a controlled

environment under standard conditions, with light/

darkness cycles of 12 h, controlled temperature set at

25 °C � 2°, and access to sterile water and commer-

cial rat pellets ad libitum. Animals went an adaptation

period of 7 days, before the beginning of each treat-

ment.

This protocol had been previously approved by the

Committee of Bioethics of the Faculty of Medicine of

the Autonomous University of Coahuila (Reference

number: 010416). All procedures performed in studies

involving animals were in accordance with the ethical

standards of the national (NOM-062-ZOO-1999) and

international regulations related to animal experimen-

tation [21,22] The following experimental groups were

employed: Control group (CG), a group with T1D (DM),

T1D treated with ATRA (ATRA), T1D treated with

vitamin E (VIT E), and a group with no T1D but sup-

plemented with olive oil, vehicle for administration reti-

noic acid (V).

Experimental diabetes induction

Technique for induction of T1D in rats has been

described elsewhere [23]. Briefly, rats from groups DM,

T1D-ATRA, and T1D-VIT E were administered three

doses of 125 mg/kg (0.5 mL/100 g of body weight) of

alloxan during the first, second, and fourth day of this

study, until a fasting glucose over 400 mg/dL was

observed.

Dosage and treatment

The groups CG and DM were not under any treatment

during the study. Animals from the T1D-ATRA group

were daily administered 0.20 mg/kg of retinoic acid

(Sigma-Aldrich Co. Product R2625) whereas the VIT E

group received a dose of 125 mg/kg of vitamin E. Olive

oil was used as a vehicle for both groups.

Analysis and sample collection

Weight and glucose were assessed after alloxan induc-

tion on day 2, 5, 10, and 16 according to previous

procedure [6]. Capillary blood samples were obtained

after a 2 h fasting and measured with an Accu-

Check� glucose meter. After 17 days of treatment, ani-

mal models were euthanized for serum and plasma col-

lection through cardiac puncture. Lipoperoxidation

index was estimated with malondialdehyde (MDA) and

thiobarbituric reactive substances (TBARS). 50 µL of
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plasma was added to 400 µL of phosphate-buffered

saline (PBS 20 mm pH 7.4), and next, 12.5 µL of

butylated hydroxytoluene (BHT 0.04 m) was added

and homogenized. After addition of 250 µL of trichlor-

oacetic acid (TCA 30%), the solution was left to incu-

bate for 2 h. Centrifugation at a speed of 1750 g was

performed for 10 min. Subsequently, 500 µL of super-

natant was collected and placed in a test tube contain-

ing 40 µL of ethylenediaminetetraacetic acid (EDTA

100 mm) and 15 µL of thiobarbituric acid (TBA 1%,

diluted in sodium hydroxide solution 0.05 m). It was

placed in water bath for 15 min and then let to cool

down. Absorbance of 450 nm was measured with a

spectrophotometer. A calibration curve was previously

obtained; thus, the results were expressed as mMol of

MDA/mL [24]. Total antioxidant capacity (TAC) was

calculated in accordance with Calderon Salinas et al

[25] through colorimetric assay using 2, 20-Azino-bis

(3-ethylbenzothiazoline-sulfonic acid) (ABTS) (Sigma-

Aldrich�).

Histological study

The rats were anesthetized with ether, and the pan-

creas was dissected out immediately. Specimens from

the pancreatic tail were cut and immersed in the

appropriate fixative for optical microscopy analysis, as

described in previous histological reports [26].

Pancreas samples were fixed in 10% buffered neutral

formalin for 48 h. Then, it was washed in tap water

for 10 min and the conventional technique of paraffin

inclusion was performed, which consisted of ascending

concentrations of ethanol (60%, 70%, 80%, and 96%)

until reaching absolute ethanol two times. For clear-

ance, pancreatic organ was moved onto xylol two

times for 60 min and absolute xylol two times for

60 min. Then, the organ was dipped in liquid paraffin

and further poured into the container. Finally, pre-in-

clusion was performed using paraffin two times for 40

min [27]. After the histological technique, paraffin

blocks were made which were cut (5 lm) serially using

a microtome, mounted on glass slides, and every 10th

section was stained with hematoxylin–eosin (Leica RM

2125RT, Germany).

A bright field binocular microscope OPTIKA brand

adapted with Cannon Reflex camera and EOS Utility

program was used for histological evaluation. Eight

photographs were obtained for each glass slide of each

group. A 409 objective lens was used, and the first

field was selected to subsequently take seven

consecutive random fields. Finally, having obtained the

photographs, the islets of langerhans present in each

photograph were identified and counted and measured

using the Optika Proview program x64,

4.7.14531.20190425. It was previously calibrated

with a calibration glass slide to obtain our results in

microns per field. Finally, the average islet was

obtained, in addition to the average of the diameter of

the islets and their standard deviation.

Statistical analysis

Statistical analysis was conducted with the software

package GraphPad V.7. Mean and standard deviation

(SD) of data per group was calculated. Normality was

assessed through Shapiro–Wilk analysis. Evaluation of

medium differences between groups was performed

through ANOVA or Kruskal–Wallis, depending on data

distribution. Tukey and Dunn’s were performed, respec-

tively, post hoc. A P value of less than 0.05 was con-

sidered to be statistically significant.

RESULTS

Retinoic acid prevents weight loss and
hyperglycemia

The first objective was to evaluate the effect of ATRA

on body weight due to the pathological and catabolic

state of the rats. A rise of 14% in body weight was

observed in the ATRA group (P < 0.001), whereas the

opposite was perceived in subjects of the V group

(P = 0.0003). Weight changes were not statistically

significant in the animals from groups CG, DM, and

VIT E. The ATRA group displayed a significant reduc-

tion of glycemic values (P < 0.001). However, no dif-

ferences were observed in the control group, CG;

moreover, results did not reach statistical significance

(P = 0.119). At the end of the treatment, no statisti-

cally significant variations in the glucose values of

groups DM, VIT E, and V, when compared to initial

values (P = 0.74; 0.941; and <0.99, respectively) were

observed. (presented in Table I).

Lipoperoxidation and total antioxidant capacity
(TAC)

An average of malondialdehyde, MDA, concentrations

was calculated to evaluate lipoperoxidation during the

final phase of treatment as shown in Figure 1a. No sta-

tistically significant differences were observed between

the CG and ATRA group P = 0.9623 (Figure 1). Like-

wise, mEq of Trolox measurements were similar

between the groups (Figure 1b).
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Histological results

In CG, the pancreatic lobules showed the normal

appearance of islets of Langerhans, which appeared as

pale circumscribed areas surrounded by exocrine pan-

creatic acini. The number of islets per field was 0.5.

The islet area ranged from 1128 lm. Each islet was

formed of a closely compact mass of cells arranged in

cords or clusters. The islet cells had rounded vesicular

nuclei and a fine granular cytoplasm. Fine connective

tissue strands containing small blood capillaries were

observed in the islet.

The pancreatic acinar cells had rounded basal nuclei.

The cytoplasm was characterized by basal basophilia

and apical acidophilia. Interlobular ducts could be

detected within the interlobular connective tissue.

Their lumina were wide and lined with cuboidal.

In the CG, the pancreatic lobules revealed many con-

gested blood capillaries, the number of islets of Langer-

hans per field decreased compared to NC (0.25). The

islet total area is 1357 lm. The islet cells showed

pyknotic nuclei.

In diabetic rats, pancreatic lobes presented vascular

congestion. In the islet count by field, no islets were

observed, so the reported number was zero.

Regarding the observations in the pancreatic lobes,

the VIT E group presented an average of 0.25 islets per

field with a decrease in the area and an average of

646 microns, while in the T1D group and ATRA group

similar characteristics were observed to the CG group

obtaining an islet count of 0.375 per field, with an

average diameter of 975 microns in diameter.

The histological analysis of pancreatic tissue sections

is presented in Figure 2. The CG showed normal char-

acteristics (see Figure 2a). In T1D group, there is a rise

in spaces within exocrine pancreas, as compared with

CG where islets of Langerhans are apparently dimin-

ished in number and size (insert at 409; Figure 2b). In

the group T1D, animals who were treated with ATRA,

appearance of exocrine tissue and Langerhans islets is

similar to the CG (Figure 2c; 109 and 409), whereas

the T1D group treated with VIT E showed fewer simi-

larities when compared to CG than the ATRA group.

(Figure 2d; 109 and 409).

Table I Weight and fasting glucose evaluation at the beginning and ending of the treatment.

Weight g

Valor P

Fasting glucose mg/dL

P valueInitial Final Initial Final

CG 223.3 � 4.8 224.7 � 6.3 0.998 111.7 � 4.5 104.2 � 5 >0.999

DM 204.6 � 11.8 214 � 9.5 0.275 507.3 � 118.3 450.6 � 27.5 0.746

ATRA 193.5 � 9.6 220.75 � 10.3 <0.0001* 456.5 � 169.3 274.7 � 155.6 <0.001*

VIT E 176.6 � 24.1 183.6 � 29.8 0.557 449 � 48.1 416.7 � 145.6 0.941

V 220.7 � 5.9 197.5 � 1.2 <0.0001* 112.5 � 4.12 113.2 � 23.4 >0.999

ATRA, retinoic acid; CG, control group; DM, diabetes mellitus; V, supplemented with olive oil; VIT E: Vitamin E.

*Significant P value < 0.05.
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Figure 1 (a) Concentration of lipoperoxidation MDA in mMol

(Two-way ANOVA multiple comparisons) and (b) TAC

concentration in mMol (Kruskal-Wallis statistical analysis).

ATRA, Retinoic acid; CG, Control group; DM, Diabetes mellitus;

V, supplemented with olive oil; VIT E, Vitamin E.
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DISCUSS ION

The differences visible between the CG and ATRA

groups prove the effectiveness of all-trans retinoic acid

in treatment against progression of type 1 diabetes.

The increase in body weight in animal models high-

lights regulation of metabolic glucose and energy

expenditure within the body. These results are consis-

tent with previously reported effects of ATRA [8,28].

These results open a possibility of exploring ATRA as a

treatment for individuals with diabetes, which has also

been previously shown to reduce insulin sensitivity

[29].

The significant decrease of glucose levels in the

ATRA group suggests that despite still being above

normal levels, there is a glycemic improvement that

could continue to fall into normal levels. This decrease

may occur as a result of the ATRA effect on insulin

sensitivity, which involves regulation of PI3K signaling

complex. Another explanation can be the synthesis

upregulation within pancreatic cells. According to

some authors, the anti-diabetogenic effect of vitamin A

is attributed to decrease oxidative stress and increase

insulin sensitivity by enhancing insulin signaling as

redox effects [30]. These results show significant influ-

ence in glycaemia, but not in oxidative stress parame-

ters (Table I and Figure 1).

Various studies have stated the influence of the

lipid peroxidation increase and peroxyle radical pro-

duction on endothelial damage when hyperglycemia

occurs [31]. However, our results did not show signif-

icant differences between MDA values for ATRA and

VIT E groups, as compared to the CG and DM group.

Also, in the analysis of Trolox concentration, no

apparent differences were found between groups. Still,

it has not escaped to our notice that some authors

have proved effectiveness of these agents in capturing

other antioxidant substances [32]. These results sug-

gest that beneficial effects of ATRA are directed

toward b-cell integrity, insulin synthesis and sensitiv-

ity, glycogen response [30] and pathway RAX and

RXR [13], but not on ROS regulation. In addition,

these data support that ATRA decrease or deficiency

may play a role in T1DM progression, owed to the

Figure 2 Histological analysis of

pancreatic tissue. Micrograph pictures

of pancreas tissue for: (a) CG: Control

group; (b) DM: Diabetes mellitus; (c)

ATRA: Retinoic acid; (d) VIT E: Vitamin

E; (e) V: supplemented with olive oil.

Images at 109, inserts show section of

Langerhans islet at 409.
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loss of functional pancreatic tissue and subsequent

expression of ATRA RXR [33].

Histological sections of pancreatic tissue in group

ATRA and CG display resemblance. Therefore, RAR

and RXR pathway signaling in b-cell and nuclear

membranes, respectively, are probably involved. As it is

known that the production of several proteins result

from interaction of ATRA ligand and its receptors, such

as TGFb, which are also involved in the regulation of

protein synthesis and cellular cycle [13,34]. The pan-

creas is a gland with both endocrine and exocrine

functions. It is composed of various cells depending on

their function. Pancreas cells are susceptible to injury

when under stress of a chronic disease, such as dia-

betes [35]. Thus, the features of pancreatic cells were

carefully examined. The distribution of Langerhans islet

in diabetes-induced rats (Figure 2b) is similar to previ-

ously reported by Eltony et al [28]. Appearance, num-

ber and size of Langerhans islets indicate function of

the b-cells as producers of hormones, such as insulin,

glucagon, and pancreatic polypeptide. Pancreatic b-
cells are vulnerable to oxidative stress and metabolism,

which eventually downregulates its response on glu-

cose levels modulation. Subsequently, the rise of ROS

enhances apoptosis of pancreatic cells [36]. In this

examination, no dead cells were detected.

Gao et al. reported the role of ATRA on the regula-

tion of genes RAR and HSP70, which exerts its effect

mainly on the promoter region and methylation pro-

cesses, as well as on regulation of the cellular cycle

and tissue proliferation [37]. Here we observe similar

features of pancreatic tissue in the animals with

induced diabetes and treated with ATRA and control

group of healthy rats. Our results are consistent with

those of Amistein et al [38], diabetic T1D animal mod-

els who were administered ATRA displayed similar fea-

tures to those in the CG in this study, and showed

considerably lower glucose levels when compared to

the T1D group where no treatment was received.

CONCLUS IONS

ATRA has a beneficial effect on pancreatic cells. How-

ever, our results show no influence on CT and lipoper-

oxidation biomarkers. We presume that ATRA effects

on signaling and protein synthesis pathways are

involved in endocrine functions and the integrity of

pancreatic tissue, since, in this model, blood glucose

levels improve. Further research should be focused on

elucidating the underlying mechanisms of these effects.

ATRA can contribute to the recovery of pancreatic

damage due to alloxan induction and reduction of gly-

cemic values in diabetic rats.
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