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Abstract 
Background. Following recent years, there is an 

increased body of literature on the connections that might 

exist between type 2 diabetes mellitus and the efficiency of 

bariatric surgery in its reversal compared to other medical 

approaches such as dieting. 

Aim. To induce experimentally type 2 diabetes 

mellitus in rats in order to observe the effects of bariatric 

surgery in the recovery as well as the reestablishment of 

normal insulin levels in order to extend the findings in house 

animals. 

Materials and methods. This study was conducted 

in three stages: the first consisted in inducing type 2 diabetes 

mellitus (T2DM) in 40 young Wistar male rats, by initially 

feeding them human food high in vegetal fats, oleaginous 

seeds, simple and complex carbohydrates, sugars, lipids, 

fats, proteins and fructose for a period of 8 weeks followed 

by a single low dose of streptozotocin (STZ), administered 

through intraperitoneal injection. The second stage of the 

study started when the rats became obese and therefore 

qualified for the bariatric procedure and the third stage 

consisted of post-operation supervision and care. The 

surgical procedure, performed on 10 obese rats, consisted in 

reducing the size of the stomach by partial gastrectomy of a 

1.5 – 2.0 cm wide and 6.5 – 7.5 cm long area on the large 

curvature. 

Results. Showed rapid improvements in body 

weight and blood sugar control after 9 days. 

Conclusion. After putting the rats on a diet high in 

carbohydrates, sugars, lipids and fats and administering them 

STZ, the induction of type 2 diabetes was successful and the 

partial gastrectomy led to a better blood sugar control. The 

bariatric procedure provides a faster therapeutic response 

than conventional diets. 

 
Keywords: Diabetes mellitus, streptozotocin, rats, 

bariatric surgery. 

INTRODUCTION 

 

For a long time, there has been an increasing 

interest in studying diabetes mellitus (DM), both in 

inducing and treating it, therefore experiments have 

been conducted on animal models and human subjects. 

From animal models, rats are often used because they 

are small, easy-to-maintain animals, have an acceptable 

life expectancy for experiments, respond well to the 

experimental factors to which they are subject, have a 

good recovery capacity and a high similarity to human 

anatomy and physiology thus they representing viable 

models for a plethora of disorders (1,2). 

In the current literature, DM is described 

as a chronic metabolic   disease   characterized   by 

an impairment of the body’s ability to produce 

or respond to insulin. This impairment results in 

abnormal metabolism of   ingested   carbohydrates 

and therefore in increased levels of blood glucose. 

Besides its widespread in humans, DM is also one of 

the most common metabolic disorders that have been 

diagnosed in canines and felines (3). The molecular 

mechanisms of DM in humans and animals are 

described in the literature as almost similar. Hence, 

small laboratory animals, such as rats, are often used 

in research studies (4). The most important clinical 

feature of DM is considered to be the incapacity of β-

cells to generate enough insulin for the organism’s 

metabolic pathway (5). 

Also, lately there has been an increased 

interest in the connections that might exist between 

DM and the bariatric surgery (6,7). The treatment 

and reversing of diabetes have become a topic of high 

interest at the worldwide level with an increasing 

number of institutions dedicating resources and time 

into elucidating the best approach for this disease. 
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More and more studies are being published on the 

advantages and disadvantages between bariatric 

surgery and low-calorie intake as a means of treatment 

(8). Bariatric surgery stands by advantages such as 

glycemia improvement shortly post-op compared to 

low calorie intake (9), high rates of T2DM remission 

compared to non-surgical groups (10) and 3-year 

remission rates over 60% (11). As any other invasive 

procedure (surgery), bariatric surgery is subject to risks 

of complications, mortality, morbidity as well as the 

cost of the surgery itself, whereas the low calory intake 

imposes a substantial caloric restriction with severe 

energy restriction eventually leading to maintenance 

difficulties and possible negative long-term effects (8). 

An interesting study conducted by Patkar et al. (12) on 

mice fed with a high-fat diet and then subject to either 

bariatric surgery or caloric restriction, has illustrated 

that Roux-en-Y gastric bypass   surgery   prevents 

the biologically adaptive hunger response (through 

hypothalamic AgRP responsible for feeding behavior 

and NYP – stimulates food intake with a preference for 

carbohydrates) triggered by undernutrition and weight 

loss and suppresses weight-loss induced hypothalamic 

inflammation markers highlighting some of the 

molecular effects of bariatric surgery (12). 

Several studies have reported that postsurgical 

patients with T2DM showed more immediate 

improvements of insulin secretion, raising the 

possibility that bariatric procedures might induce 

specific responses to rectify abnormalities in β-cell 

function (13,14). It has been observed that prior to the 

actual weight loss, bariatric surgery lowers the glucose 

blood level in diabetic patients and studies on mice 

subject to vertical sleeve gastrectomy surgery displayed 

improved glucose tolerance and insulin secretion in 

vivo within 2 weeks of surgery (15,16). 

As regards the inducing of DM in rats, the most 

often used mechanism is the chemical one because 

it is considered the fastest and most cost-effective 

option. The most common chemical substance used 

for inducing DM is streptozotocin (17,18). For our 

experiment involving the bariatric surgery, we decided 

to use a low dose of STZ after a prolonged high fat 

diet (56 days), to induce T2DM in healthy, young, 

Wistar rats in order to avoid surgical complications and 

postoperative complications(19). Thus, the main goal 

of the present animal model of induced T2DM was to 

assess the pathological consequences of diabetes and 

to screen potential therapies for the treatment of this 

condition as an alternative to current therapies used in 

house pets. Specifically, in our experiment we wanted 

to assess the potential benefits of a bariatric procedure 

using T2DM in rats as, despite its numerous advantages 

and rapid and definite improvements, it is not always 

the treatment of choice especially in house animals. 

Despite the increasing prevalence of this disease, it still 

has a broad area of unknown mechanisms regarding how 

the treatments work. For pharmaceutical and molecular 

findings, the easier and significantly less risky way 

is by using animal models, in our case Wistar rats, as 

they are a potential model for diet-induced obesity. The 

general literature on the subject seems to point towards 

improvement of insulin resistance through bariatric 

surgery. The protocol we used for inducing T2DM was 

previously validated in the literature (20–22). 

 
METHODS 

 

Our experimental study group consisted of 40 

young Wistar rats (3 months old). The experimental 

design of our study was structured in three well-built 

stages leading to the final results. The designed stages 

were the following: the pre-experimental phase, the 

experimental phase and the post-experimental phase. 

The study was approved by the Ethical Committee 

with the registration number 882/12.09.2018 and the 

animals were housed, cared for and handled according 

to Council Directive 86/609/EEC. The experimental 

protocol of the study is depicted in Figure 1. 

In the first phase of our study, we created 

the experimental groups, the diets and weighted each 

individual weekly. 
 

 
 

Figure 1. The experimental protocol of the study. 
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The second phase, involved the induction of 

T2DM and the bariatric surgery. 

The last stage was carried out immediately after 

the surgery and included observation and monitoring 

of the operated rats and the possible underlying 

mechanisms of the visible changes. 

Regarding the physical and biological 

materials, for the accommodation of subjects, we had 

specific cages with a grille for food and water. For the 

weighting of the animals we used an electronic weighing 

scale. Blood tests were performed at the Physiology 

Laboratory whereas the bariatric surgery was performed 

in collaboration with the surgical department. The 

measurement of glycaemia was performed using the 

GlucoMeter OneTouch Select Plus. 

 
The pre-experimental protocol 

The first stage of this protocol consisted of 

the allocation of the study groups: 40 Wistar male rats 

were randomly distributed in: the high fat diet group 

and the control group. 

The next step was the establishment of the rats’ 

diets. Food was chosen to cover all three macronutrients 

(proteins/lipids/carbohydrates). The difference between 

the two groups was the addition of excess saturated and 

unsaturated fat, with a ratio of 17.4%protein, 42.9% 

carbohydrates and 39.7% fat in the high fat diet group. 

The composition of the hypercaloric diet as well as the 

macronutrients can be observed in Table 1. The control 

group was given smaller weights of mixed seeds and 

sunflower seeds. 

Food was given at two different intervals 

during the day, in the morning and in the evening 

whereas the water was changed once every two days. 

The light cycle was the natural light (12h day/12h 

night) without artificial lighting. 

After we created the groups and established 

the hypercaloric diet, the animals were weighted 

weekly in order to monitor their progress regarding the 

weight gain. The purpose of these procedures was to 

induce obesity and to create a proper environment for 

the development of type 2 diabetes. 

The glycemic control was conducted in the 

mornings before food was given. At baseline, the 

fasting glucose of all animals was in the normal range. 

It is important to be mentioned that side 

veins, dorsal vein and ventral artery were used for the 

peripheral blood sampling. 

After the blood sampling was finished, the 

experiment continued with either hypercaloric diet or 

normal diet, depending on the experimental group, for 

another period of 30 days. The purpose of this part of 
 

Table 1. The foods utilized for the normal diet and the hypercaloric diet with their corresponding macronutrients and weights used, cells with 
thick borders illustrate the main macronutrient and the source it represents. The second part of the table describes the calorie breakdown of 
each food as well as the percentages of each macronutrient per 100g of product. 

 

Food    
Fats Carbohydrates 

Protein 
Cal. breakdown(100g) 

Total Sat. Polyunsat Monounsat Total D. fiber Sugar  Fats Carbs. Prot 

Mixed Seeds 
ND (50g)

 
HD (100g) 

23.85g 
47.71g 

3.467g 13.41g 
6.935g 26.82g 

5.93g 
11.86g 

9.14g 
18.28g 

3.6g 
7.2g 

0.905g 
1.81g 

11.83g 
23.66g 

Puffed wheat ND (40g) 0.648g 0.1g 0.29g 0.22g 35.98g 0.64g 21.98g 2.38g 

with sugar HD (20g) 0.324g 0.05g 0.1454g 0.11g 17.99g 0.36g 10.99g 1.19g 
Sunflower ND (50g) 25g 2.5g 16.665g 5g 10g 5g 1.665g 6.83g 

seeds HD (100g) 50g 5g 33.33g 10g 20g 10g 3.33g 13.66g 
Fruit yoghurt ND (50g) 1g 0.5g 0g 0g 11g 0g 9.5g 2.05g 
(Activia) HD (50g) 1g 0.5g 0g 0g 11g 0g 9.5g 2.05g 

Plain biscuits 
ND (20g)

 
HD (20g) 

Cornflakes 
ND (40g)

 
HD (20g) 

Green lettuce 
ND (100g)

 
HD (100g) 

Carrots 
ND (25g) 
HD (25g) 

Apples 
ND (40g) 
HD (20g) 

Total daily 

food intake 

(cal) 

ND 787.68 kcal 

HD 1471.96 kcal 

*ND-Normal Diet, *HD-Hypercaloric diet, *Sat.-Saturated, *Polyunsat.-Polyunsaturated, *Monounsat.-Monounsaturated, *D. fiber-Dietary fiber, *Carbs.- 
Carbohydrates, *Prot.-Proteins. 

0.184g 0.054g 0.096g 0.034g 35.98g 1.24g 3.74g 2.652g 
0.092g 0.027g 0.048g 0.017g 17.99g 0.62g 1.87g 1.326g 

0.15g 0.02g 0.082g 0.006g 2.79g 1.3g 0.78g 1.36g 
0.15g 0.02g 0.082g 0.006g 2.79g 1.3g 0.78g 1.36g 
0.06g 0.008g 0.028g 0. 002g 2.395g 0.7g 1.135g 0.232g 
0.06g 0.008g 0.028g 0.002g 2.395g 0.7g 1.135g 0.232g 
0.068g 0.01g 0.02g 0.002g 5.524g 0.96g 0.104g 4.156g 
0.034g 0.005g 0.01g 0.001g 2.762g 0.48g 0.052g 2.078g 

 

 
12% 

 

4%  6% 

 13%  

15%  13% 

13% 
 

9% 

1%  9% 

8%  30% 

5%  8% 

3%  2% 

 

1g 0g 0g 0g 13.5g 0g 1.5g 1.5g 
1g 0g 0g 0g 13.5g 0g 1.5g 1.5g 
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our study was to try to induce a pronounced increase 

in insulin resistance in the high fat diet group. 

 
Induction of diabetes 

The first experimental stage of this study 

consisted of streptozotocin administration as a 

diabetogenic substance with a dose specifically 

chosen to induce an adequate insulin deficiency in 

the setting of the obesity-related insulin resistance 

to emulate the physiologic state of type 2 diabetes. 

The animals from the high fat diet group received 

their respective diets for a period of 30 days, and on 

 

Figure 2. The evolution of the rats’ mean weight from week 1 to 
week 8 of normal diet, as well as hypercaloric diet. Both groups 
started at a weight of 200g and significant differences were observed 
from week 2 as follows week 2- p=0.004, week 3- p<0.001, week 
4- p=0.001, week 5- p<0.001, week 6- p<0.001, week 7- p<0.001, 
week 8- p<0.001. The high fat diet group exhibited a significant and 
constant increase in weight over the 8 weeks period going from a 
mean weight of 200g to a mean weight of 303g, while the control 
group maintained a constant 200g mean weight. 

 
 

 

Figure 3. The evolution of the rats’ glycaemia from week 1 to week 
8 pre-surgery on normal diet(control group) and hypercaloric 
diet(high fat diet). Both groups started at the same glycaemia level 
(88 mg/dL) and no significant differences were observed for the 
first 3 weeks between the 2 groups (week 1- p=0.623, week 2- 
p=0.111, week 3- p=0.238) with this aspect changing from week 
4 (week 4- p<0.001, week 5- p<0.001, week 6- p<0.001, week 7- 
p<0.001, week 8- p<0.001.Throught the 8 week period, the control 
group maintained a constant glycaemia level (88 mg/dL) while for 
the fat-diet group it kept increasing and reached 310 mg/dL. 

the day 31, a single dose of STZ was administered 

intraperitoneally (35 mg/ kg body weight) to animals 

fasted for 12 h. We used this dose of STZ because 

it is low enough to guarantee the development of 

type 2 diabetes in rats which received a high fat diet 

without causing absolute insulin absence for testing 

the bariatric procedure. 

To induce diabetes to our animals a specified 

protocol was followed. Blood glucose, temperature 

and vital functions were monitored the day before 

the substance was used. The dose of streptozotocin 

used was calculated for the current weight of each 

individual. After the injection of the substance at the 

intraperitoneal level, an individual daily observation 

file was kept with all the data observed during the 

development and manifestation of diabetes. For the 

next stage of our experiment, we randomly assigned 

the rats from the high fat diet group in two groups: 

10 rats received the bariatric surgery intervention, the 

other 10 were used as controls. 

 
Bariatric surgery 

A sleeve gastrectomy was conducted, resecting 

about 70% of the stomach, including most of the fundic 

portion (which in the rat is the bottom of the stomach). 

A vascular forceps was used to outline the area to be 

resected. The gastrorrhaphy was conducted with an 

invaginating continuous polypropylene hand-sewn 

suture (Schimieden pattern). Hemostasis and suture- 

line integrity were checked, and an additional stitch 

was applied when necessary. Subcutaneous fluids 

were administered, and body warming was performed 
 

Figure 4. The evolution of the fasted glycaemia after the bariatric 
procedure over a 9 days time frame in control and bariatric surgery 
group, both fed with a hypocaloric diet. The control group started 
with a glycaemia of 313 mg/dL, while the bariatric group started at 
268 mg/dL. All post-operation glycaemia values were significantly 
different between groups for all supervised days (p<0.001)(day 
1- p<0.001, day 2- p<0.001, day 3- p<0.001, day 4- p<0.001, day 
5- p<0.001, day 6- p<0.001, day 7- p<0.001, day 8- p<0.001, day 
9- p<0.001). After a 9 days observation period, the glycaemia of 
the bariatric group reached normal values (81 mg/dL) while for the 
control group it still remained high (233 mg/dL). 
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Table 2. The foods utilized for the hypocaloric diet fed to both groups (control and bariatric surgery) post-op with their corresponding 
macronutrients and weights used. The second part of the table describes the calorie breakdown of each food as well as the percentages of 
each macronutrient per 100g of product. 

 

Food   
Fats Carbohydrates 

Protein 
Cal. breakdown(100g) 

Total   Sat. Polyunsat. Monounsat. Total D. fiber Sugar  Fats. Carbs. Prot. 

Green lettuce(100g) 0.15g 0.02g 0.082g 0.006g 2.79g 1.3g 0.78g 1.36g 0% 67% 33% 
Arugula (50g) 0.33g 0.043g 0.159g 0.024g 1.825g 0.8g 1.025g 1.29g 19% 47% 33% 

Carrots(25g) 0.06g 0.008g 0.028g 0.002g 2.395g 0.7g 1.135g 0.232g 5% 87% 8% 
Apples (20g) 0.034g 0.005g 0.01g 0.001g 2.762g 0.48g 2.078g 0.052g 3% 96% 2% 

Organic Cereal Pap 3.9g 0.6g - - 69.7g   7.9g 1g 12.1g 3% 83% 14% 
 Multicereal(100g)  

 

Table 3. The glycaemia of the rats (mean) after the bariatric surgery 
compared to controls 

 

  Control group Bariatric group  
Day 1 313 mg/dL 268 mg/dL 
Day 2 286 mg/dL 270 mg/dL 

Day 3 260 mg/dL 170 mg/dL 
Day 4 256 mg/dL 99 mg/dL 
Day 5 241 mg/dL 112 mg/dL 
Day 6 232 mg/dL 84 mg/dL 
Day 7 232 mg/dL 91 mg/dL 
Day 8 234 mg/dL 77 mg/dL 

  Day 9 233 mg/dL 81 mg/dL  
 

with warm blankets. No food was given for 48h, and 

starting with day 3 post-operated rats were given low- 

caloric foods illustrated in Table 2. 

 
Data analysis 

Data was statistically analysed and all results 

are expressed as mean± standard error of the mean 

(SEM) and ANOVA for repeated measurements was 

applied using SPSS v. 17.0 software. 

 

 
RESULTS 

 
The pre-experimental results 

The animals from the high fat diet group gained 

constant weight during the 8-week period, while the 

weight of the control group remained constant. 

When we analyzed the weight gain only in 

the high fat diet group, the results showed statistically 

significant increases from week to week (week 1 to 

week 2 p= 0.001, week 2 to week 3 p= 0.022, week 3 

to week 4 p= 0.028, week 4 to week 5 p=0.023, week 

5 to week 6 p=0.003, week 6 to week 7 p=0.003, week 

7 to week 8 p=0.022) (Fig. 2). 

In addition, as expected, the differences 

regarding the weight between the high fat diet group 

and the control group were statistically significant 

from week 2 to week 8 (p<0.05). 

Regarding the glycaemia (measured in mg/ 

dL) our statistical analysis revealed that it took some 

time until the differences between groups became 

significant. For the first three weeks p was non- 

significant (p>0.05), but the differences became 

significant starting from week 4 (p<0.05) (Fig. 3). 

After this statistical analysis, it was possible 

to conclude this first stage. In the next part of our 

experiment we divided the 20 rats from the high fat 

diet group which already met the obesity criteria, in 

two distinct groups: one group received the bariatric 

procedure, the other group of rats was used as a control. 

 
Post-operative evolution and results 

After the bariatric surgery, the 10 subjects 

were observed. The operation was shown to be well 

performed without the occurrence of post-operative 

complications. Due to the lack of food administration 

for the first two days post-operation but only the use of 

infusion food (saline, glucose 33%), the rats lost about 

20g of body weight. Blood glucose was checked only 

in the mornings before food was given. 

The post operation glycaemia values were 

significantly different between the bariatric surgery 

group and the control group starting from day 

one(p<0.005) as observed in Figure 4. 

Based on the presented figures and data, we 

can see that from the second post-operative period, the 

fasted blood glucose level begins to return to normal 

physiological values. Starting from days 4 and 5, 

normal values were observed in the bariatric surgery 

group. In Table 3, it can also be observed a decrease 

in the glycaemia of diabetic control groups that is 

most likely due to the low-calorie diet they have been 

fed with, that started at the same time as the bariatric 

group. As expected, the surgical procedure showed 

the benefit of stimulating a rapid decrease of blood 

glucose concentration. Therefore, when the pancreas 

and liver lose some of the lipid tissue, they can perform 

their functions under normal conditions. 
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DISCUSSION 

 

The symptoms of diabetes are relatively 

similar between humans and animals. The similarities 

continue as it is known that sedentary and inadequate 

nutrition rich in simple carbohydrates and lipids leads 

to obesity in both humans and animals. 

Knowing the evolution and symptoms of 

diabetes mellitus, we decided to study through an 

animal experimental model a therapeutic process 

applicable by a bariatric surgery technique in obese 

rats. We induced diabetes mellitus through a prolonged 

high fat diet followed by the administration of a beta- 

cytotoxic drug, streptozotocin (STZ). Regarding the 

molecular mechanism, “streptozotocin diabetes” is 

caused by the necrosis of the pancreatic beta-cells, and 

this agent is the first choice for diabetes induction in 

animal models (22,23). 

The results of our study suggest that the 

bariatric procedure in obese, type-2 diabetes suffering 

animals may lead to rapid and visible improvement 

by counteracting on the metabolic effects due to diet-

induced body weight gain and streptozotocin 

injection. The rats from the bariatric procedure group 

presented a lower glycaemia just after a few days 

post operation. Furthermore, this positive trend of 

the observed improvement continued throughout the 

whole observation period of our study. These results 

are not surprising, and they are in concordance with 

those found in the literature(2,24). The improvements 

brought by the various bariatric procedures are well 

documented (25). 

Regarding the underlying mechanism of action 

of vertical sleeve gastrectomy (VSG), currently there 

are several possible hypotheses on how and why it 

affects the impaired glucose homeostasis specific to 

T2DM by normalizing it, but subsequent studies on the 

matter are required. An impaired glucose homeostasis 

is determined by a combination between insulin 

resistance and pancreatic β-cells’s incapacity to release 

sufficient insulin with elevated blood glucose levels as a 

consequence. One possible explanation of how VSG can 

repair the imbalance is through the weight loss, rapidly 

observed post-op, determined by a reduced energy 

intake as a consequence of little to no malabsorption 

of nutrients; VSG determines the rate increase at which 

nutrients enter the small intestine. Through procedures 

like bypass and VSG, the delivery of ingested glucose 

into the systemic circulation is improved causing a spike 

in plasma glucose concentrations (26). Also, it is known 

that VSG determines an accelerated gastric emptying 

of liquid and solid nutrients therefore it affects the 

nutrients absorption leading to faster and higher peaks 

of blood glucose levels following the rapid delivery of 

carbohydrates to the absorptive surface of the intestine, 

but also a rapid clearance from the circulation. These 

changes have been linked to increased glucagon-like 

peptide 1 levels and insulin responses. Gut peptides 

like gastrin or peptide YY and cholecystokinin have 

been observed to be increased after VSG (13). Another 

interesting hypothesis involves the gut microbiome 

changes as it was observed that post surgery the 

bacterial profile becomes leaner and several studies 

have illustrated that by the use of fecal transplants from 

surgery treated mice to recipient/germ-free mice has 

led to weight-loss and reduced adiposity. Altogether, 

changes in weight, nutrient absorption, gut microbiota, 

circulation bile acids, GLP-1 are likely to contribute to 

the antidiabetes effects (16). 

Although it is established as a well proven 

method to combat obesity in humans, bariatric 

procedures are rarely used as a therapeutic method 

to combat obesity and/or diabetes in house animals 

(27,28). In the present study, this therapeutic approach 

was based on the desire to treat the cause of diabetes 

and not the symptoms by influencing the level of 

glucose present in the blood. All pharmaceutical drugs 

with biological or hormonal synthesis are strictly 

aimed at regulating glycemic levels. 

The objectives of this study were to observe 

the efficiency of such a therapeutic protocol on the 

recovery from T2DM through bariatric surgery as 

a potential therapy for house pets by using animal 

models - Wistar rats. In addition, this experimental 

design was intended as a scientific model for obesity 

research and type 2 diabetes using animal protocols. 

Knowing the methodology of bariatric 

intervention in human medicine, we understood that 

this procedure plays a role in the treatment of obese 

patients who often have complications with secondary 

diabetes. Of course, a multitude of factors must be 

taken into consideration before undertaking such 

intervention in order to not further deteriorate the 

general health. 

Based on this study, it was possible to 

demonstrate that   the   non-specific   diet   based   on 

a hypercaloric consume of lipids (saturated and 

unsaturated) and carbohydrates (simple and complex) 

causes a debilitating state of health which is mainly 

characterized by obesity. It is also important to note 

that, according to the diet composition, the amount of 

saturated fatty acids is very limited, but considering 
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our results, the obesity induction was successful and 

allowed us to continue with STZ injection and bariatric 

surgery as it also determined elevated glycaemia 

levels. Maintaining such a chaotic eating pattern that 

causes obesity in subjects may lead to complications 

characterized by increased insulin resistance and 

secondary to type-2 diabetes, but such parameters 

were not measured in our present study in the absence 

of streptozotocin injection. 

Therefore, treating obesity problems in pet 

animals may include a variety of therapeutic protocols 

consisting of a combination of medications, specific 

diets and surgical bariatric techniques. In order to 

perform the bariatric surgery, the patient must be 

monitored and examined in such way not to affect 

its health more by this intervention. By applying 

the bariatric method of reducing the stomach by 

surgical removal along the greater curvature, visible 

improvements were seen on both weight loss and 

plasma glucose adjustment without the use of insulin 

in less than 4 days after the operation. 

In conclusion, the positive effect of bariatric 

surgery on glycemic control of type-2 diabetes is 

already well known as the bariatric procedure provides a 

therapeutic response faster than conventional diets that 

pet-owners often do not administer or do not follow in a 

well-established program although our study is limited 

by not measuring a set of parameters (glycaemia before 

streptozotocin administration, circulation insulin, 

peptide C) important to such an experimental design. 

Thus, alternative diets to the ones provided by literature 

have been illustrated and we strongly encourage further 

studies to add on our results and go even further, by 

trying to better characterize the mechanism by which 

VSG actions. Further studies should focus on assessing 

them in order to obtain a more complete picture as to 

why and how such a therapeutic approach is indeed 

a great alternative even in house animals. However, 

it is important that after the bariatric procedure, the 

animals maintain a hypocaloric diet, specific for their 

species and their physiological needs in order to avoid 

a possible relapse. 

 
Conflict of interest 

The authors declare that they have no conflict of 

interest. 

Funding 

This research received no external funding. 

References 
 

1. Dufrane D, van Steenberghe M, Guiot Y, Goebbels RM, Saliez 
A, Gianello P. Streptozotocin-induced diabetes in large animals 
(pigs/primates): role of GLUT2 transporter and beta-cell plasticity. 
Transplantation. 2006;81(1):36-45. 
2. Kleinert M, Clemmensen C, Hofmann SM, Moore MC, Renner 
S, Woods SC, Huypens P, Beckers J, de Angelis MH, Schürmann 
A, Bakhti M, Klingenspor M, Heiman M, Cherrington AD, Ristow 
M, Lickert H, Wolf E, Havel PJ, Müller TD, Tschöp MH. Animal 
models of obesity and diabetes mellitus. Nat Rev Endocrinol. 
2018;14(3):140-162. 
3. Catchpole B, Adams JP, Holder AL, Short AD, Ollier WE, 
Kennedy LJ. Genetics of canine diabetes mellitus: are the diabetes 
susceptibility genes identified in humans involved in breed 
susceptibility to diabetes mellitus in dogs? Vet J. 2013;195(2):139- 
147. 
4. Akash MS, Rehman K, Chen S. An overview of valuable scientific 
models for diabetes mellitus. Curr Diabetes Rev. 2013;9(4):286- 
293. 
5. Ganguly S. Canine Diabetes Mellitus: Diagnosis, Adequate Care 
and Overall Management Practices Involved. Int. J. Pharm. Life 
Sci. 2014; 5: 4022–4023. 
6. Kashyap SR, Gatmaitan P, Brethauer S, Schauer P. Bariatric 
surgery for type 2 diabetes: weighing the impact for obese patients. 
Cleve Clin J Med. 2010;77(7):468-476. 
7. Koliaki C, Liatis S, le Roux CW, Kokkinos A. The role of bariatric 
surgery to treat diabetes: current challenges and perspectives. BMC 
Endocr Disord. 2017;17(1):50. 
8. Hallberg SJ, Gershuni VM, Hazbun TL, Athinarayanan SJ. 
Reversing Type 2 Diabetes: A Narrative Review of the Evidence. 
Nutrients. 2019;11(4):766. 
9. Steven S, Carey PE, Small PK, Taylor R. Reversal of Type 
2 diabetes after bariatric surgery is determined by the degree of 
achieved weight loss in both short- and long-duration diabetes. 
Diabet Med. 2015;32(1):47-53. 
10. Salminen P, Helmiö M, Ovaska J, Juuti A, Leivonen M, 
Peromaa-Haavisto P, Hurme S, Soinio M, Nuutila P, Victorzon M. 
Effect of Laparoscopic Sleeve Gastrectomy vs Laparoscopic Roux- 
en-Y Gastric Bypass on Weight Loss at 5 Years Among Patients 
With Morbid Obesity: The SLEEVEPASS Randomized Clinical 
Trial. JAMA. 2018;319(3):241-254. 
11. Purnell JQ, Selzer F, Wahed AS, Pender J, Pories W, Pomp 
A, Dakin G, Mitchell J, Garcia L, Staten MA, McCloskey C, 
Cummings DE, Flum DR, Courcoulas A, Wolfe BM. Type 2 
Diabetes Remission Rates After Laparoscopic Gastric Bypass 
and Gastric Banding: Results of the Longitudinal Assessment of 
Bariatric Surgery Study. Diabetes Care. 2016;39(7):1101-1107. 
12. Patkar PP, Hao Z, Mumphrey MB, Townsend RL, Berthoud 
HR, Shin AC. Unlike calorie restriction, Roux-en-Y gastric bypass 
surgery does not increase hypothalamic AgRP and NPY in mice on 
a high-fat diet. Int J Obes (Lond). 2019;43(11):2143-2150. 
13. Douros JD, Tong J, D’Alessio DA. The Effects of Bariatric 
Surgery on Islet Function, Insulin Secretion, and Glucose Control. 
Endocr Rev. 2019;40(5):1394-1423. 
14. Malin SK, Kashyap SR. Effects of various gastrointestinal 
procedures on β-cell function in obesity and type 2 diabetes. Surg 
Obes Relat Dis. 2016;12(6):1213-1219. 
15. Douros JD, Niu J, Sdao S, Gregg T, Fisher-Wellman K, 
Bharadwaj M, Molina A, Arumugam R, Martin M, Petretto E, 
Merrins MJ, Herman MA, Tong J, Campbell J, D’Alessio D. Sleeve 
gastrectomy rapidly enhances islet function independently of body 
weight. JCI Insight. 2019;4(6):e126688. 
16. Batterham RL, Cummings DE. Mechanisms of Diabetes 
Improvement Following Bariatric/Metabolic Surgery. Diabetes 
Care. 2016;39(6):893-901. 



L.D. Hritcu et al. 

156 

 

 

 

17. Carneiro FS, Giachini FR, Carneiro ZN, Lima VV, Ergul A, 
Webb RC, Tostes RC. Erectile dysfunction in young non-obese 
type II diabetic Goto-Kakizaki rats is associated with decreased 
eNOS phosphorylation at Ser1177. J Sex Med. 2010;7(11):3620- 
3634. 
18. Rakieten N, Rakieten ML, Nadkarni MV. Studies on the 
diabetogenic action of streptozotocin (NSC-37917). Cancer 
Chemother Rep. 1963;29:91-98. 
19. Mossman BT, Ireland CM, Filipak M, LeDoux S, Wilson GL. 
Comparative interactions of streptozotocin and chlorozotocin 
with DNA of an insulin-secreting cell line (RINr). Diabetologia. 
1986;29(3):186-191. 
20. Damasceno DC, Volpato GT, Sinzato YK, Lima PH, Souza 
MS, Iessi IL, Kiss AC, Takaku M, Rudge MV, Calderon IM. 
Genotoxicity and fetal abnormality in streptozotocin-induced 
diabetic rats exposed to cigarette smoke prior to and during 
pregnancy. Exp Clin Endocrinol Diabetes. 2011;119(9):549-553. 
21. Volpato GT, Damasceno DC, Rudge MV, Padovani CR, 
Calderon IM. Effect of Bauhinia forficata aqueous extract on 
the maternal-fetal outcome   and   oxidative   stress   biomarkers 
of streptozotocin-induced diabetic rats. J Ethnopharmacol. 
2008;116(1):131-137. 
22. Magalhães DA, Kume WT, Correia FS, Queiroz TS, Allebrandt 
Neto EW, Santos MPD, Kawashita NH, França SA. High-fat diet 

and streptozotocin in the induction of type 2 diabetes mellitus: a 
new proposal. An Acad Bras Cienc. 2019;91(1):e20180314. 
23. Damasceno DC, Netto AO, Iessi IL, Gallego FQ, Corvino 
SB, Dallaqua B, Sinzato YK, Bueno A, Calderon IM, Rudge 
MV. Streptozotocin-induced diabetes models: pathophysiological 
mechanisms and fetal outcomes. Biomed Res Int. 2014;2014:819065. 
24. Rodrigues B, Cam MC, Kong J, Goyal RK, McNeill JH. Strain 
differences in susceptibility to streptozotocin-induced diabetes: 
effects on hypertriglyceridemia and cardiomyopathy. Cardiovasc 
Res. 1997;34(1):199-205. 
25. Chouinard S, Viau C. Reversibility of renal tubular dysfunction 
in streptozotocin-induced diabetes in the rat. Can J Physiol 
Pharmacol. 1992;70(7):977-982. 
26. Bradley D, Magkos F, Klein S. Effects of bariatric surgery 
on glucose homeostasis and type 2 diabetes. Gastroenterology. 
2012;143(4):897-912. 
27. Suzuki N, Prosser CL, Dahms V. Boundary cells between 
longitudinal and circular layers: essential for electrical slow waves 
in cat intestine. Am J Physiol. 1986;250(3 Pt 1):G287-294. 
28. Al Wadani H, Marrar AN, Ahmed MO, Surinder S. Sleeve 
Gastrectomy in Canine: Effect on Weight Loss, Inflammation and 
Oxidative Stress Markers while Leaving Blind Intestinal Loop in 
Place. J. Obes. Weight Loss Ther. 2017; 07: 1–5 
. 


