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Abstract: Background: Diabetes mellitus (DM) is a chronic metabolic disease that characterized by 
persistent hyperglycemia and glucosuria. Type 1 diabetes is an autoimmune disease, mostly affects 
dogs and is manifested clinically by polyuria, polydipsia, polyphagia, and weight loss.The presence of 
characteristic clinical symptoms and glycemic profile tests, such as blood glucose concentration 
(BGC), insulin, c-peptide level, fructosamine (SFA), and hyperglycated haemoglobin concentration 
(HBA1c), are used to diagnose diabetes mellitus. One of the common therapeutic options accessible 
nowadays is insulin therapy. However, the majority of T1DM patients receiving insulin therapy are 
unable to keep their blood glucose levels within the normal range, and there is a risk of developing 
dangerous hypoglycemia. This led to look for other strategies for controlling blood glucose level. It is 
evident that the current standard therapy for diabetics fails to mimic the insulin secretion of healthy 
beta cells. As a result, exogenous insulin is more life-saving than curative. Therefore the two main 
strategies for treating type 1 diabetes mellitus reestablishing the insulin secretion mechanism and 
creating new islet β-cells. This new trial involves mesenchymal stem cells (MSCs), as they possess 
regenerative and immunomodulatory properties and can control immunological dysregulation that 
leads to beta cell death. Therefore, insulin-dependent diabetes mellitus in dogs may be treated with 
stem cell transplantation (IDDM). Though MSCs have been isolated from different sources, all show 
excellent improvement in the clinical cases. 
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Introduction 
Dogs have historically been essential to helping us understand the pathogenesis and management of diabetes 

mellitus, along with the role of the pancreas in digestion, Von Mering and Minkowski (1890) shown that 

pancreatectomized dogs exhibit polydipsia and polyuria, which are correlated with the presence of glucose in 

the urine. By accident, they had produced an animal model of diabetes, which is still employed in certain 

research facilities today. This led them to the accurate conclusion that the pancreas has to produce an 

"antidiabetogenic factor," eventually identified as insulin, to allow the body to utilize glucose. 

Strict blood glucose regulation is necessary for the body to carry out essential physiological processes. The 

mechanism involves the release of a complex network of hormones and neuropeptides, primarily sourced 

from the brain, pancreas, liver, gut, adipose tissue, and muscle tissues. By secreting by secreting the blood 

sugar-lowering hormone insulin and its antagonist, the glucagon hormone (Bruyette, 2013 and Röder et al., 

2016). 

The majority of patients with T1DM are unable to consistently keep their blood glucose levels within the 

normal range, even while using insulin. Additionally, there is a risk of serious hypoglycemia episodes, which 

limit the efficacy of diabetes treatment. Due to these problems, doctors and researchers are searching for 

other methods of regulating glucose levels (McCall et al., 2010). 

Madsen (2005) and Noguchi (2009) recently, it was reported that Exogenous insulin infusion is the current 

treatment for hyperglycemia, has been shown to help individuals with DM to control their blood sugar levels 

to some extent. It is imperative to maintain constant control over insulin injections since an excess of insulin 

can lead to hypoglycemia and in certain cases, coma, while insulin deficiency can result in the harmful effects 

of hyperglycemia in nearly each system of the body. Therefore, this standard trial for diabetic treatment fails 

to mimic the secretion of insulin by healthy pancreatic beta cells. From this point on, exogenous insulin is 

preventive rather than therapeutic.  

Replacing new islets of pancreatic beta cells and rebuilding system of insulin secretion are the important and 

crucial strategies for type 1 diabetes treatment. As the pathogenesis of T1DM is marked by a gradual decrease 

in the pancreatic beta cells number and function. Although islet transplantation is a great way to treat type I 

diabetes mellitus, its clinical applicability is severely limited due to the limited number of potential donors, 

the challenging islet isolation and purification procedure, and immunological rejection (Demeester et al., 

2016 and Rickels and Robertson, 2019). 

Consequently, the cell transplantation methods to substitute pancreatic islets in the diabetes mellitus 

treatment has become has become very active. 

Xu et al. (2008) and Liu et al. (2013) reported that stem cells are able to replace damaged cells in the body; 

therefore, they offer a promising treatment to replace the non-functional insulin-producing β cells of the 

pancreas. 

Anatomy and physiology of the Pancreas: 

The pancreas is a tiny but important organ that is located near to the stomach. It is composed of two major 

tissue types, the islets of Langerhans, which mainly regulate blood glucose levels by secreting insulin and 

glucagon directly into the bloodstream, and the acini, which secrete digestive juices into the duodenum to 

ensure correct digestion (Qadri et al., 2015 and Mahadevan, 2019).  

The three main cell types found in the islets are beta, delta, and alpha cells. Beta cells, which make up roughly 

60% of all islet cells, are mostly found in the centre of each islet. About 25% of the total cells are alpha cells. 

Conversely, 10% or so of the total are delta cells. Moreover, the islets and epsilon cells include modest 

populations of another type of cell called the pancreatic polypeptide cell (PP cell) (Hall, 2011). 

Da Silva Xavier (2018) stated that glucagon, a peptide hormone known as the body's principal catabolic 

hormone, which raises blood levels of fatty acids and glucose, is released by alpha cells. The stated that 

glucagon, a peptide hormone known as the body's principal catabolic hormone, which raises blood levels of 
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fatty acids and glucose, is released by alpha cells. The insulin hormone that is released by beta cells lowers 

the blood's glucose levels. Delta cells release the somatostatin hormone, which prevents the secretion of both 

glucagon and insulin hormones. Epsilon cells release ghrelin hormone, which stimulates appetite, increases 

fat storage, and stimulates growth hormone release from the pituitary gland. Pancreatic polypeptide (PP) 

cells release pancreatic polypeptide, which is a satiety hormone that lowers gastric acid secretion, gastric 

output, and upper intestinal motility. 

 
Fig. 1Anatomy of pancreas in dogs 

The control of blood glucose level is a critical role of the pancreatic islets considering glucose acts as the 

primary metabolic fuel for the brain and central nervous system (Campbell and Newgard, 2021). Pancreas 

regulates blood glucose level by secreting endocrine hormones insulin and glucagon hormones through islets 

of Langerhans and also participates in digestion through the production and release of a variety of 

proenzymes or inactive precursors of enzymes by the acinar cells of exocrine pancreas, which are 

transported through the pancreatic ductal system to the duodenum to assist nutrient digestion (Röder et al., 

2016, Bastidas et al., 2017, Larsen and Grapin-Botton, 2017 and Westacott et al., 2017). 

Stimulation of insulin production is powerfully induced by postprandial rich energy-containing foods, mostly 

excess amounts of carbohydrates; moreover, insulin secretion is stimulated by the elevation of glucose level, 

amino acids, fatty acids, the level of the glucagon hormone, and the gastrointestinal tract (Rorsman and 

Huising, 2018). 

Hall (2011) stated that insulin is a crucial anabolic hormone involved in the storage of extra energy. When 

there are too many carbohydrates, insulin motivates the body to store glycogen mostly in the muscles and 

liver. Any extra carbohydrates are then transformed by insulin into fat and stored in the adipose tissue. 

Insulin directly influences the uptake of amino acids by cells, their conversion into proteins, and the 

prevention of protein degradation. It regulates carbohydrate metabolism in the body and maintains the 

passage of glucose across the cell membrane. 

Currently, the appropriate function of the pancreatic islets is required for metabolic homeostasis, and their 

dysfunction or the loss of functional beta cell mass is the key mechanism that leading to diabetes mellitus 

(DM) (Cnop et al., 2005 and Campbell and Newgard, 2021). 
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Diabetes mellitus: 

Diabetes mellitus (DM) is a metabolic disorder that characterized by disturbances of carbohydrate, lipid and 

protein metabolism which result from defect in insulin secretion as Type 1, insulin inaction as Type 2 or both 

and associated with high mortality and morbidity (Punthakee et al., 2018 and Poznyak et al., 2020).  

DM is one of the common endocrinopathy in dogs that affects middle-aged to older dogs, which manifested 

clinically by hyperglycemia, glycosuria and weight loss (Abdullah et al., 2014 and Kumar et al., 2014).  

The incidence of diabetes has increased in dogs as in man. Alternatively this increase might be explained by 

the improvement in the diagnosis and management of diabetes, preference of certain breed by the owners 

and dependence on commercial feed, obesity (Catchpole et al., 2005 and Davison, 2012). 

Catchpole et al. (2005) and McCann et al. (2007) indicated that the prevalence of DM is currently 1 in 500 

dogs and 1 in 250 house cats. It usually affects canines between the ages of 5 and 12, but it is rare under 3 

years of age. 

DM causes in dogs appears to be multifactorial. Factors including, age, sex, obesity, neutering status, diet, and 

exposure to toxic chemicals/drugs that cause insulin resistance, immune-mediated destruction of islet cells 

(Davison et al., 2008, Catchpole et al., 2013 and Nelson and Reusch, 2014). 

Hoenig (2014) and Gilor et al. (2016) reported that obesity as a risk factor for the development of DM in 

dogs is limited. 

Some studies show that females are at increased risk compared to males, which may be due to progesterone 

and the diabetogenic effect of growth hormone, and castrated males are at increased risk compared to intact 

males (Fall et al., 2007, Heeley et al., 2020 and Koren, 2022). 

Breeds showed high susceptibility to DM as the Samoyed, Tibetan Terrier, Cairn Terrier, and miniature 

schnauzers while others that have less susceptibility as the Boxer, Golden retrievers and German 

Shepherd (Fall et al., 2007, Catchpole et al., 2013, Usui et al., 2015 and Yoon et al., 2020).                                                                                                       

Collectively, the more common risk factors for DM. Dogs more than 8 years of age, intact females, castrated 

male dogs, Border Terrier breeds in particular, and dogs having a concurrent diagnosis of 

hyperadrenocorticism or pancreatitis were all associated with increased odds of DM diagnosis. Variables 

associated with an increased hazard of death include dogs that were ≥ 10 years of age at diagnosis, entire, 

previously treated with glucocorticoids, having had a blood glucose level (BG) > 40 mmol/L at diagnosis, or 

dogs that did not start insulin treatment (Hume et al., 2006). 

 
Fig. 2 Pathophysiology of type1 diabetes 
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Classification and different types of diabetes mellitus: 

Nowadays, DM classification generally depends on both the aetiology and the disease pathogenesis rather 

than the clinical response to insulin treatment. According to this classification, diabetes can be divided into 

four main types: type 1 diabetes mellitus (T1DM), type 2 diabetes mellitus (T2DM), gestational diabetes 

mellitus (GDM), and diabetes caused by or associated with certain specific condition (Catchpole et al., 2008, 

American Diabetes Association, 2014 and American Diabetes Association, 2018). 

Previously, canine DM has been classified into insulin-dependent (IDDM), also known as Type 1, which is 

characterized by a lack of insulin production and depends mainly on external insulin for survival, or non-

insulin-dependent (NIDDM), also known as Type 2, in which there is impairment in insulin production  along 

with an poor response to insulin hormone. Although nearly all diabetic dogs require insulin therapy, unlike 

human beings, however, most diabetic dogs (>50%) are thought to have a disease similar to Type 1 DM in 

humans (Feldman and Nelson, 1996 and Catchpole et al., 2005). 

Type 1 diabetes mellitus: 

 Type 1 diabetes is known as (IDDM), the most common type of DM in dogs (Plotnick and Greco, 1995 and 

Qadri et al., 2015). It is a chronic autoimmune disease characterized by hyperglycemia owing to partial or 

complete insulin deficiency, which occurs due to the destruction of pancreatic islet beta cells (SEARCH Study 

Group, 2004, Atkinson, 2014 and DiMeglio et al., 2018). 

The causes of IDDM in dogs are multifactorial and caused by a progressive loss of pancreatic beta cells. 

Although the exact cause is unknown, a number of disease processes are believed to be involved, including 

congenital beta cell hypoplasia, beta cell loss associated with exocrine pancreatic disease, immune-mediated 

beta cell destruction, and may be idiopathic (Catchpole et al., 2005).  

Nelson and Reusch (2014) reported that IDDM in dogs is commonly characterized by permanent 

hypoinsulinemia, no increase in c-peptide level in response to insulin secretagogues, and an absolute 

requirement for exogenous insulin administration to avoid ketoacidosis. 

Zheng et al. (2018) added that environmental factors as well play a role in IDDM susceptibility. Feed, 

Viruses, or environmental toxins may improve the progression of IDDM by inducing insulitis, an 

inflammatory infiltrate in the islets of Langerhans founded in the pancreas, or by activating the immune 

system. 

Pathophysiology of type 1 diabetes mellitus: 

IDDM develops through the stimulation of the immune system against beta cells and the autoimmune 

destruction of pancreatic beta cells, resulting in a deficiency of insulin secretion, which consequences in the 

metabolic derangements associated with IDDM. In addition to the loss of insulin secretion, impairment of the 

function of pancreatic alpha cells leads to excessive secretion of the glucagon hormone in IDDM patients 

(Raju and Raju, 2010 and Saberzadeh-Ardestani et al., 2018).     

Uncontrolled IDDM is characterised by hyperglycemia, which is due to the combination of both: elevation of 

hepatic glucose production through the conversion of liver glycogen into glucose, then hepatic 

gluconeogenesis; insulin deficiency weakens tissue utilization of glucose by adipose tissue and skeletal 

muscles; in addition, reduced glucose uptake by peripheral tissues in turn leads to a reduced rate of glucose 

metabolis (Raju and Raju, 2010).  The authors added that when blood glucose exceeds the renal threshold, 

glucosuria occurs, which leads to polyuria due to osmotic diuresis, which is accompanied by a loss of water 

and electrolytes and the activation of the thirst mechanism (polydipsia). The negative caloric balance leads to 

an increase in appetite and food intake, which is known as polyphagia. 

They also added that in hepatocytes, the majority of the acetyl COA is not oxidized by the TCA cycle but is 

metabolized into the ketone bodies (acetoacetate and beta-hydroxybutyrate). These ketone bodies are used 

for energy production by the brain, heart, and skeletal muscle. In IDDM, there is a production of excess ketone 

bodies that exceeds the body’s ability to utilize them, leading to ketoacidosis. 

Chen et al. (2012) stated that insulin disturbs protein metabolism, increasing the rate of protein synthesis 

and lowering the rate of protein degradation. Therefore, a lack of insulin accelerates the rate of proteolysis, 
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which in turn causes an increase in plasma amino acid level, muscle wasting, and poor wound healing. 

Hepatic lipidosis develops, and ketoacidosis can results secondary to enhanced ketone body production, 

immunological suppression and endothelial damage. 

 

Other types of diabetes mellitus: 

Type 2 diabetes mellitus: 

Although obesity is becoming more common in dogs, there is no proof that insulin resistance causes beta cell 

malfunction and the subsequent DM in dogs, as it does in humans. Obese dogs show evidence of insulin 

resistance but compensated appropriately through increased insulin secretion, even after years of obesity-

induced insulin resistance, DM does not appear to develop and majority of obese dogs retain euglycemia 

(Verkest et al., 2012 and Gilor et al., 2016). 

About 80% of diabetic cats have a condition resembling type 2 DM in human. Type 2 diabetes is caused by 

insulin resistance, the inability of insulin-sensitive tissues to respond to insulin, which usually results from 

antagonism of insulin function by other hormones. Glucose intolerance related to obesity might contribute to 

insulin resistance, but obesity is not a primary cause of diabetes in dogs. Obesity, physical inactivity, and prior 

administration of glucocorticoids are common risk factors (Rand, 2012 and Forcada et al., 2014). 

In type 2 diabetes the two main pathological defects are impaired insulin secretion through a dysfunction of 

the pancreatic beta cell and insulin resistance, inability of insulin-sensitive tissues to respond to insulin (Holt, 

2004 and Galicia-Garcia et al., 2020). 

Gestational diabetes mellitus (GDM): 

GDM is the third form of diabetes mellitus, which is a type of insulin resistant diabetes (IRD), and may called 

diestrus-associated DM in dog (Fall et al., 2008). 

This third form is because of insulin resistant effect of di-estrous phase in older female dogs, that it is 

associated by increasing the progesterone concentrations, which uniquely encourage the mammary glands to 

produce growth hormone which both are a potent inducer of insulin resistance, and it has been reported to 

resolve within days to weeks after parturition or termination of pregnancy (Rucinsky et al., 2010, Mared et 

al., 2012, Kim et al., 2012 and Kumar et al., 2014). 

Fall et al. (2008) and Kumar et al. (2014) reported that GDM affects mainly middle-aged bitches in the 

latter half of gestation. 

Other specific types: 

Other specific types of diabetes include other forms in animals, including drug-induced diabetes (usually 

steroid use), endocrinopathies that antagonize insulin action (acromegaly, hyperadrenocorticism), or 

exocrine pancreatic disease. Chronic pancreatitis is the most common cause of canine diabetes in this 

category, accounting for approximately 30% of cases (Rand, 2020). 

Clinical signs of diabetes mellitus: 

Durocher et al. (2008) and Qadri et al. (2015) reported that clinical signs of diabetes mellitus (DM) such 

as polyuria, polydipsia, polyphagia, weight loss, persistent hyperglycemia, glycosuria, and ketonuria, and in 

rare cases, acute blindness due to cataract formation, are reported to be related to elevated blood glucose 

levels and the body's inability to use glucose as an energy source. 

Clinical symptoms do not appear until blood glucose levels are high enough to cause glycosuria, which usually 

happens at 180–220 mg/dl in dogs and 220–270 mg/dl in cats (American Diabetes Association, 2013). 

1-polyuria and polydipsia:  

Are attributed to that relative or absolute insulin deficiency in DM that reduces blood glucose uptake by 

tissues like liver, muscle, and adipose tissues, leading to hyperglycemia .This hyperglycemia when exceeds 

the renal threshold for glucose, glucose remains in the ultrafilterate, then Glucosuria will typically develops 

and osmotic diuresis is stimulated. Polyuria occurs and then compensatory polydipsia. Renal threshold 

approximately 200 mg/dL in dogs (Behrend et al., 2018 and Rand, 2020). 

2-polphagia:  
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Animals with uncomplicated DM may have an increased appetite. This is controlled by central mechanisms, 

including increased hunger triggered by nutrient loss predominantly glucose (Rand, 2020). 

 

 

3-Weight Change:  

 Rand (2020) stated that untreated diabetic dogs, continue to lose weight despite an increased appetite and 

an increased intake because of their inability to utilize glucose, malassimilation of nutrients absorbed from 

the gut, and urinary loss of glucose and amino acids, which exacerbates weight loss. 

Ciobotaru (2013) claimed that aberrant gluconeogenesis resulting from fatty and amino acids causes weight 

loss and muscular atrophy. 

Complication of diabetes mellitus: 

Beam and correa (1999) showed that it is widely accepted that the majority of diabetic dogs will develop 

cataract, but other consequences of moderate persistent hyperglycemia, e.g., retinopathy, vascular injury, and 

nephropathy, are not expected in this species. 

Cataracts, Nephropathy, Urinary tract infection, Hyperadrenocorticism, dermatitis, pancreatitis, otitis are 

Common complications of DM in dogs. A metabolic condition that is prone insulin resistance may be further 

exacerbated by hypothyroidism (Hess et al., 2000). 

Diabetic ketoacidosis (DKA): is one of the most severe and potentially life threatening diabetes 

copmlication. It occurs as a result of complete or partial insulin deficiency, and is typically characterized by 

hyperglycemia, ketosis, and acidosis (Taylor et al., 2015). 

Cataract: this eye cataract seems because of the metabolism of glucose to its sugar alcohol “sorbitol” in the 

lens (Varma, 1980).Which has a higher osmotic pressure that absorbs and drainages water into the lens. It 

may also be due to non-enzymatic glycation of the lens matter (Hashim and Zarina, 2011).Or oxidation 

stress (Williams, 2008).  Eighty percent of the diabetic dogs suffer from cataract. This result is consistent 

with (Wilkie et al., 2006, Miller and Brines, 2018 and Cantero et al., 2022).  

Nephropathy: There was a significant influence of DM on renal function. Animals with diabetes had much 

greater levels of urea and creatinine; these findings were corroborated by Herring et al. (2014) who 

reported that the prevalence of elevated urine protein-creatinine ratio (UPC) and microalbuminuria in urine 

of diabetic dogs was up to 55% and 73%, respectively. 

 Yaribeygi et al. (2018), Umanath et al. (2018), Papachristoforou et al. (2020) and Sinha and Nicholas 

(2023) stated that the main cause of end-stage renal disease is diabetes mellitus. The pathogenesis of 

diabetic kidney disease (DKD) related to hyperglycemia which causes various mechanisms and pathways, 

renal damage caused by several mediators contribute to the development of renal structural and functional 

changes, some of these mediators, such as proinflammatory cytokines, reactive oxygen species, protein kinase 

C, hemodynamic and hormonal disorders and advanced glycation end products. 

Urinary tract infection: 

Altered susceptibility to infection in patients with DM has been attributed to a depression in the function of 

polymorphonuclear leukocytes (Szablewski and Sulima, 2017). 

Complications of Diabetes Mellitus in Dogs and Cats: 

Common Uncommon 
Iatrogenic hypoglycemia 
Persistent or recurring polyuria, polydipsia, 
weight loss 
Cataracts (dog) 
Lens-induced uveitis (dog) 
Bacterial infections, especially involving the 
urinary tract 
Chronic pancreatitis 
Recurring ketosis, ketoacidosis 

Peripheral neuropathy (dog) 
Diabetic nephropathy 
Significant proteinuria 
Glomerulosclerosis 
Retinopathy 
Exocrine pancreatic insufficiency 
Gastric paresis 
Intestinal hypomotility and diarrhea 
Diabetic dermatopathy (i.e., superficial 
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Hepatic lipidosis 
Peripheral neuropathy (cat) 
Systemic hypertension (dog 

necrolytic dermatitis) 

(Nelson and Couto, 2019). 

Diagnosis of diabetes mellitus:  

DM is diagnosed mainly by the presence of typical clinical signs such as; polyuria, polydipsia, polyphagia, and 

weight loss, as well as hyperglycemia and glycosuria with full laboratory assessment (Ettinger and Feldman, 

2010, Behrend et al., 2018 and Petersmann et al., 2018). 

Clinical signs: 

Diagnosis of diabetes based on the presence of characteristic symptoms like polyuria, polydipsia, polyphagia 

and weight loss, in addition the presence of a persistently high level of blood glucose, and the presence of 

glucose in the urine and ketonuria (Durocher et al., 2008). 

Full laboratory evaluation: 

Blood glucose concentration, Urine analysis, Serum fructosamine (sFA) concentration measurement, a widely 

available, cost-efficient test, Hyperglycated hemoglobin concentration (HbA1c), C-peptide (Behrend et al., 

2018 and Del Baldo et al., 2020).  

*Blood glucose concentration: 

DM was diagnosed by finding persistent marked hyperglycemia .Which plasma glucose >250 mg/dl (Herring 

et al., 2014). 

Hyperglycemia: The normal blood glucose level ranged from 60-130. It may rise to 250-300 mg/dl (13.6-

16.5 mmol/l) after a large or high-calorie meal. However diabetes is the only common disease that will causes 

the blood glucose level to increase above 400 mg/dl (22 mmol/l). Some diabetic dogs will have a glucose level 

as high as 700- 800 mg/dl (44 mmol/l), although the most will be have range of 400-600 mg/dl (22-33 

mmol/l) (Cohen et al., 2009 and Kumar et al., 2014). 

Long-term hyperglycemia often leads to various microvascular and macrovascular diabetic complications, 

which are mainly responsible for diabetes-associated morbidity and mortality. Hyperglycemia serves as the 

primary biomarker for the diagnosis of diabetes (Banday et al., 2020). 

Oral glucose tolerance used for DM diagnosis , that performed under fasting condition by adding 1 gm 

carbohydrate or starch per kg BWT, then administrated orally and measured every half an hour through two 

hours (Briens et al., 2021). 

*Urine analysis: 

 Urinalysis will reveal the presence of glucose, and sometimes also show the existence of protein, ketones, 

bacteria, and/or casts (Behrend et al., 2018). 

Glucosuria means the presence of glucose in the urine .Which is manifested clinically when the blood sugar 

level exceeds the renal threshold level that is180 mg/dl (Palmer et al., 2004, Nair and Wilding, 2010 and 

Hieshima et al., 2020). Glucosuria usually develops when the blood glucose level surpasses approximately 

200 mg/dL in dogs and 250-300 mg/dL in cats, what is called it exceed the renal threshold (Behrend et al., 

2018). 

Ketonuria suggests a change from the metabolism of carbohydrates into the breakdown of fats to supplies the 

body with enough energy. This shift is most closely known in small animal secondary to DM (Qadri et al., 

2015). 

Serum fructoseamine concentration (sFA): 

In addition to clinical observations, blood glucose curves, and glycated haemoglobin concentration (HbA1c), 

SFA concentration is a widely accessible and affordable test that is used to evaluate glycemic control in dogs 

with diabetes mellitus (Behrend et al., 2018 and Del Baldo et al., 2020). 

Fructosamines are a class of blood proteins that have been glycated during circulation, primarily albumin. An 

elevated fructosamine level represents the mean blood glucose concentration over the previous 1-2 weeks, 

allowing for regular assessments to develop an ideal insulin treatment plan and track its effects. An elevated 
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fructosamine level suggests chronic hyperglycemia during the prior 1-2 weeks (Reusch et al., 1993, Loste 

and Marca, 1999, Nelson, 2015 and Kuzi et al., 2023). 

Fructosamine has various limitations as a biomarker, due to its concentration is impacted by 

hypoalbuminaemia, hyperglobulinaemia, hyperlipidaemia, azotaemia, haemolysis and hypothyroidism 

(Reusch and Haberer, 2001 and Zeugswetter et al., 2010). 

*Glycatedhemoglobin(HbA1c): 

 HbA1c is a group of glycated proteins that result from the irreversible non-enzymatic binding of hemoglobin 

in erythrocytes (Reusch et al., 1993 and Pohanka, 2021). 

HbA1c readings in dogs can be used as an indicator for the average plasma glucose level during the preceding 

two to three months (Mahaffey et al., 1984, Loste and Marca, 2001 and Kim et al., 2019). 

HBA1C falsely elevated levels can occur with diseases that prolong erythrocyte lifespan or are associated with 

a decrease in erythrocyte turnover, such as iron deficiency anaemia and splenic disorders. HbA1c level 

decreased in the pathological conditions that shorten erythrocyte lifespan or are associated with increased 

erythrocyte turnover, such as blood-loss anaemia, hemolytic anaemia, splenomegaly, and pregnancy 

(Haberer and Reusch, 1998 and Welsh et al., 2016). 

Serum fructoseamine concentrations change more rapidly than do hyperglycated hemoglobin concentrations 

in response to alterations in insulin treatment, so for this cause serum fructoseamine concentration is 

considered better for assessment of glycemic control in diabetic dog (Nelson, 2015). 

Mikhaiel et al. (2022) reported that dogs that have HbA1c ≥6.5 % were considered diabetic. 

*C-peptide: 

C-peptide is produced in equal quantities to insulin and therefore is the best measure of endogenous insulin 

secretion; it indicates the effectiveness of beta cell function in diabetic patients (Jones and Hattersley, 

2013). 

C-peptide's physiology makes it appropriate for measuring insulin secretion. Given that the enzymatic 

cleavage of proinsulin yields equal quantities of both insulin and C-peptid (Licinio-Paixao et al., 1986 and 

Polonsky et al., 1986). 

C-peptide plays a crucial clinical function in distinguishing between Type 1 and Type 2 diabetes, primarily in 

relation to the development of absolute insulin insufficiency in Type 1.Utility is greatest in long-standing 

diabetes as there may be a significant overlap between Type 1 and Type 2 diabetes at the time of diagnosis 

(Iqbal et al., 2023). 

In type one diabetes insulin/C-peptide levels decrease rapidly, so the majority of patients with type 1 

diabetes will have low C-peptide levels (Palmer et al., 2004 and Besser et al., 2011). 

Histopathological examination: 

Nelson and Couto (2019) reported that histopathological findings of renal tissue include membranous 

glomerulonephropathy as glomerular and tubular basement membrane thickening, the presence of sub 

endothelial deposits, glomerular fibrosis, and glomerulosclerosis. Who also mentioned that diabetic 

nephropathy is expressed as proteinuria, primarily albuminuria .As glomerular changes progress, glomerular 

filtration becomes progressively impaired, resulting in the development of azotemia and eventually uremia. 

Non necrotic tubular degenerated tubules had swollen epithelum and had a foamy granular cytoplasm. Other 

showed moderate vacuolation and tubular necrosis, tubulointerstitial nephritis with inflammatory cell 

infilteration, and the tubular lumen had a dark necrotic debris (Abdullaziz et al., 2022). 

The histopathological examination of pancreatic tissues of alloxan induced diabetic dogs showed severe 

congestion of blood vessels, perivascular and intestinal edema with inflammatory cells infiltration, 

coagulative necrosis of pancreatic acini and mononuclear cells infiltration between the pancreatic acini 

(Watanbe et al., 2004 and Ismail et al., 2015). 

The author also added that histopathological findings of hepatic tissues of alloxan induced diabetic dogs 

showed severe cytoplasmic vacuolation of both hydropic and lipid types, multifocal areas of hepatic necrosis 

with mononuclear cells infiltration, widening of the hepatic sinusoids that replaced the necrotic hepatocytes, 
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hyperactivation of Kupffer cells and widespread moderate congestion. Additionally, the portal areas were 

moderately thickened by mononuclear cells infiltration. 

 

Treatment: 

The chief goals of treating diabetic patients are to improve clinical signs of diabetes and to avoid the 

complications, including hypoglycemia (Fleeman and Rand, 2001). 

Treatment options are similar to those for human diabetics and include; insulin injections (usually 

administered twice a day at 12 h intervals), dietary modifications, exercise in dogs, correction of obesity, Oral 

hypoglycemic medications in cats (American Diabetes Association, 2013). 

Behrend et al. (2018) showed that the treatment of clinical DM in the dogs, always requires exogenous 

insulin therapy. 

The most common used insulin products in canine DM are isophane, lente and ultra-lente insulin. (Monroe et 

al., 2005).Lente (porcine zinc insulin suspension; Vetsulin) is mostly recommended as a first choice in 

treatment and commonly preferred for management of canine diabetes using a starting dose of 0.25 U/kg q 

12 hr, the duration of action is near by 12 hr in most dogs, and the amorphous component of the insulin helps 

to minimize postprandial hyperglycemia (Rucinsky et al., 2010 and Behrend et al., 2018). 

Stem cell therapy 

Therapeutic application of different types of stem cells 

1- Embryonic stem cells (ESCs)  

ESCs emerge from the inner cell mass of blastocysts, which are pluripotent, self-regenerating cells and can be 

able to differentiate into any type of cell present in the three germinal layers. These are human embryonic 

cells that have been suggested as viable sources for cell transplantation and regenerative medicine due to 

their remarkable capacity to give rise to all somatic cell lineages (Tobias et al., 2013 and Clevers, 2016). 

 
Fig. 3 Different types of stem cells 

ESCs can be employed in the treatment of type 1 diabetes; the difference between the two types is that the 

undifferentiated form is characterised by the cell's capacity to adhere to the injured pancreatic tissue. The cell 

began to transdifferentiate into specialised beta cells in the conditioned microenvironment of the damaged 

pancreas, providing strong evidence for the theory that the pancreas secreted various factors in diabetes, 

including substances that attracted chemocollectors and stimulated stem cell development into specialised 

cells. These processes estimated the infused undifferentiated cells to the energy site in a manner similar to 

leukocyte migration (Naujok et al., 2009).  
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However, the application of ESCs became restricted due to the development of teratoma and tumour 

formation, in addition to religious concerns about the methodology used for collecting these types of cells 

(Lumelsky, 2001 and Nguyen et al., 2016). On the other hand, a number of research demonstrated that 

using ESCs to create IPCs was unsuccessful (Sipione et al., 2004).  

2-Induced pluripotent stem cells (IPSCs). 

Induced pluripotent stem (iPS) cells are a new type of pluripotent stem cell using adult somatic cells with 

their genetic code altered to resemble that of embryonic stem (ES) cell (Ye et al., 2013). 

Takahashi et al. (2007) revealed that adult somatic cells could potentially be reprogrammed to become 

induced pluripotent (iPSC) cells using just four necessary transcription factors. Similar to ESCs, It multiplied 

into endoderm, ectoderm, and mesoderm cells from the three germ layers (Dimos et al., 2008). 

Transcription factors are required to transform mature fibroblasts into embryonic stem cells. These four 

factors are Yamanaka factors; they are c-Myc (also known as OSKM) and Sox2, Oct4, and Klf4. A few years 

later, human fibroblasts were also employed to create iPSCs using Yamanaka's OSKM formula (Takahashi et 

al., 2007 and Lowry et al., 2008). 

 Moreover, because ESCs are first separated from blastocysts that were not implanted, they are never of 

autologous origin; if injected into patients, this could result in immunological rejection. Therefore, the 

development of iPSCs has shown great potential because, in contrast to hESCs, iPSCs raise no ethical issues 

(Wert and Mummery, 2003 and Taylor et al., 2011). 

IPSCs have become a viable substitute for hESCs, given the ethical and immunogenic issues they raise. This is 

due to the fact that adult somatic tissues are the source of iPSCs, whereas sources of hiPSCs, like blood, skin, 

and urine, are widely available. Furthermore, when hiPSCs are autologously implanted, immunological 

rejection can be prevented because they can be isolated from specific patients (Felfly and Haddad, 2014, 

park et al., 2015 and Singh et al., 2015).  

3- Mesenchymal stem cell (MSCs). 

Mesenchymal stem cells (MSCs) are multipotent stem cells that can self-renew and differentiate into several 

tissues. MSCs are reservoirs of trophic factors that stimulate intrinsic stem cells to heal injured tissues, 

regulate the immune system, have regenerative and immunomodulatory characters, and can regulate the 

immune dysfunction that leads to the destruction of beta cells. Thus, stem-cell transplantation may be used to 

treat dogs with insulin-dependent diabetic mellitus (Rodríguez-Fuentes et al., 2021).  

Owing to these remarkable properties, MSCs are now acknowledged as one of the most promising cell sources 

for the treatment of degenerative diseases and damaged tissue (Ezquer et al., 2017). 

Some researchers tried to change the name of MSCs to medicinal signalling cells because of their secretory 

function in the locations of diseases, injuries, and inflammations (Caplan, 2017). 

MSCs isolated from AT, BM, and UC meet all of the minimal criteria listed by the ISCT, including morphology 

(plastic spindle shape), MSC surface markers (less than 2% negative for CD11, CD13, CD19, CD34, CD45, and 

HLR-DR; 95% positive for CD73, CD90, and CD105), and the capacity to differentiate into chondrocytes, 

osteocytes, and adipocytes (Mohamed-Ahmed et al., 2018).  

Adult MSCs have the following common features: negative expression of CD14, CD34, and CD45, and positive 

expression of CD44, CD90, CD105 (SH2), and CD166 (Silva-Carvalho et al., 2019). 

It could be differentiated into many cell types including insulin producing cells forming a cluster that 

response to glucose challenge in vitro secreting insulin (Phadnis et al., 2011). 

They show excellent potential for differentiation into a wide variety of tissue lineages, including as 

adipocytes, myocytes, osteoblasts, and chondrocytes found in cartilage, muscle, and fat. MSCs have been 

isolated from multiple tissues: bone marrow (BM), skeletal muscle tissue, adipose tissue (AT), synovial 

membranes, saphenous veins, dental pulp, periodontal ligaments, cervical tissue, Wharton's jelly, umbilical 

cords, umbilical cord blood, amniotic fluid, placentas, etc. are among the tissues from which MSCs have been 

extracted (Squillaro et al., 2016 and Farkhad et al., 2021). 

 



Aya E.elbadawy / Afr.J.Bio.Sc. 6(2) (2024)  
Page 1183 of 28 

 

 
 

 

 

3.1. Bone marrow MSCs: 

Bone marrow stem cells are broadly considered hematopoietic stem cells and MSCs. Because these cells come 

from the same person, rejection issues may be reduced, potentially making this a type of T1D therapy 

(Godfrey et al., 2012). 

BM has been highlighted as a promising source of MSCs containing various growth factors and cytokines that 

are potentially utilized towards regenerative procedures involving cartilage and bone (Kim et al., 2020). 

One study looked at T1D patients with DKA and found BM-MSCs to preserve beta cell function in T1D 

patients, reducing levels of fasting and post-prandial C-peptide levels, with one patient achieving insulin 

independence for a period of three months (Li et al., 2016). 

Lately, a study showed a rapid recovery and restoring for serum insulin level improving hyperglycemia in co-

transplantation model of bone mononuclear cells with MSCs that suggested that both type of cells shared in 

regeneration and repairing of damaged beta cell when MSCs also, modulated the immune response that 

estimated in pancreatic islet that provide a synergistically effect that outcome form the combined 

transplantation (Urbán et al., 2008). 

 
Fig.4 Different sources of mesenchymal stem cells 

3.2. Adipose tissue -MSCs:  

Adipose tissue-derived mesenchymal stem cells (ADSCs) are a group of cells that arise from the mesoderm 

during embryonic development. Amongst several types, subcutaneous adipose tissue seems to be the most 

clinically relevant source, being available in abundance for harvest, and its isolation only slightly invasive 

(Minteer et al., 2013 and Lin et al., 2015). 
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ADSCs possess great proliferation, differentiation, immunoregulatory properties, are easy to separate and 

culture, do not have ethical concerns, promote tissue regeneration, and are among the best resources for the 

treatment of type 1 diabetes mellitus (Bateman et al., 2018 and Arora et al., 2020). 

Both BM-MSCs and UC-MSCs had a good ability to stick to the plastic disc and the typical morphology of 

fibroblasts (Zhang et al., 2022). 

3.3. Umbilical cord blood- MSCs (UCB-MSCs): 

Ethical problems are rarely raised when using UC-MSCs, which are isolated from umbilical cord that are 

typically disposed of as medical waste. Because the procedure of collecting UCs is non-invasive, ex vivo, and 

carries no danger of discomfort or infection, donors find it to be a more agreeable approach. Additionally, in 

vitro, UC-MSCs have higher proliferation capacity than BM-MSCs (Kern et al., 2006 and Baksh et al., 2007). 

Cord blood is considered an additional necessary source of stem cells that have greater cellular potential and 

can be attained in a non-invasive way (Ende et al., 2004).  

Interestingly, UC-MSCs were the most preferred MSCs for the remaining trials (Hoang et al., 2022). 

Even though MSCs make up only about 10−7% of the cells in UC, due to their higher proliferation rate and 

rapid population doubling time allow these cells to rapidly replicate and increase in number during in vitro 

culture, so UC-MSCs have the fastest population doubling time compared to AT-MSCs and BM-MSCs in both 

conventional culture conditions and xeno- and serum-free environments (Hoang et al., 2021). 

Many research proved that using umbilical cord blood mesenchymal stem cells became more effective in the 

treatment of type 1 or type 2 diabetes (Yoshida et al., 2005).  

After receiving an allogenic UC-MSC transplant, recipients showed better control of blood glucose, a 50% rise 

in fasting C-peptide (FCP) at the 1-year follow-up, and even two years after the transplant, a 50% reduction in 

insulin usage (Hu et al., 2013). 

 Additionally, UC-MSC can be utilized to treat T1D chronic complications, such as neuropathy, DN, and 

retinopathy (Wu et al., 2022). 

3.4. Wharton’s jelly MSCs 

Moreover, Wharton jelly, which a substance that found in the umbilical cord's matrix, possess multipotent, 

highly active mesenchymal stem cells that completely satisfy the requirements for mesenchymal stem cells. 

These cells also expressed a variety of embryonic stem cell markers, such as OCT4 (Lo Iacono et al., 2017). 

However, because of their versatility and ability to differentiate into a wide variety of cell types that can 

produce insulin both in vivo and in vitro, these cells are thought to be among the best candidates for 

regenerative medicine due to their activity, noninvasive isolation method, and large donor pools. Together, 

these cells were able to effectively regulate hyperglycemia in type 1 diabetic patients during a prolonged 

research involving 29 patients(Hu et al., 2012). 

3.5. Hepatic stem cells:  

Since the liver and pancreas both originated from the endoderm, hepatic mesenchymal stem cells are 

considered to be one of the earliest possibilities for the production of insulin-producing cells. Remarkably, 

studies have demonstrated that even after prolonged culture, hepatic stem cells express the embryonic 

transcription factor of the pancreas, PDX1, without altering the degree of expression of these pancreatic 

marker genes (Rossi et al., 2001 and Yang et al., 2002). 

Parallel to this, researchers were able to successfully generate insulin-producing cells from hepatic 

mesenchymal stem cells by transfecting the cells with an adenovirus that expressed pancreatic 

developmental markers including Pdx1, which increased the release of insulin (Meivar-Levy and Ferber, 

2010). 

3.6. Pancreatic stem cells:  

Pancreatic tissue contained two main parts: the exocrine element 90% and the endocrine element 10%. The 

endocrine element comprises nestin-positive cells that fulfil mesenchymal stem cell criteria and could be 

differentiated into specialized beta cells (Zulewski et al., 2001). 



Aya E.elbadawy / Afr.J.Bio.Sc. 6(2) (2024)  
Page 1185 of 28 

 

 
 

In a different investigation, the researchers showed that the pancreatic mesenchymal stem cells obtained 

from the pancreatic duct of diabetic and prediabetic mice were pluripotent. The cells transformed into 

glucose-responsive insulin-producing cells after being implantation which reduced type 1 diabetes 

hyperglycemia (Bonner-Weir et al., 2000 and Xu et al., 2008). Then it was obviously explained by 

(Bonner-Weir and Sharma, 2006) indicates the pancreatic progenitor cells are most likely found in the 

pancreatic ductal epithelium. 

Furthermore, in a model of pancreatic duct ligation, the exocrine pancreatic component comprising acinar 

cells and secretory acini seemed to be regenerated pancreatic beta cells (Xu et al., 2008 and Zhou et al., 

2008). 

Progenitor cells exist in the pancreatic duct cells, where they differentiate and migrate to produce new islets 

during both organogenesis and regeneration. Ramiya et al. (2000) first described the generation of new 

islets from pancreatic duct epithelial cells in vitro, isolated from prediabetic adult NOD mice. These in vitro-

grown islets contained alpha and delta cells, responded to in vitro glucose challenge and, once implanted into 

NOD mice, reversed insulin-dependent diabetes.  

Immunomodulatory effect: 

T1DM is a multifactorial condition which characterized by T cell-mediated autoimmune destruction of beta 

cells (d’Annunzio et al., 2011). 

It has been determined that DM results from the invasion of the pancreas by macrophages and dendritic cells, 

which is followed by the infiltration of B cells, natural killer (NK) cells, and CD4 and CD8 T lymphocytes 

(Willcox et al., 2009 and Odumosu et al., 2011). 

Beta cell death that happens over the inflammation course is most likely as a result of direct contact with 

activated macrophages and self-reactive T-lymphocytes, and exposure to soluble mediators released by these 

cells, such as pro-inflammatory cytokines, nitric oxide, and oxygen free radicals (Eizirik and Mandrup-

Poulsen, 2001 and Babon et al., 2016 ). 

There are two mechanisms by which MSCs exhibit a local immunosuppressive impact. 1. The paracrine 

action, or communication between cells 2.releasing a number of immunomodulatory cytokines, and in line 

with previous authors findings that diabetes was caused by an immunological malfunction, MSCs can treat 

diabetes by using their immunosuppressive processes. 

MSCs have an immunosuppressive effect and release a range of cytokines, enhance the diabetic patient's 

microenvironment, target insulin-resistant tissue, treat islet damage, protect and regenerate islet beta cells, 

and lower blood sugar levels. . Because MSCs regulate the immune system, they can also successfully treat 

type 1 diabetes, which is related to the primary immunological mechanism of the disease. Almost half of the 

clinical trials on cell treatment for type 1 diabetes are looking at MSC therapy (Huang et al., 2021). 
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Fig. 5 mechanism of action of MSCs 

Several in vivo and in vitro investigations demonstrated that MSCs could interact with T cells through a 

variety of adhesion markers, including CAM, ICAM-1, ALCAM, and LFA3, in addition to several integrin 

molecules, and might hinder the growth and functionality of T cells(Le Blanc, 2003 and Ramirez-

Fernandez, 2021). Furthermore, MSCs do not express MHC II and other co-stimulatory molecules including 

as CD80, CD86, CD40  and CD40L that elect T cell angry (Götherström et al., 2004 and Dabrowska et al., 

2021). Additionally, MSCs supress T cells in G0/G1 phase that reflected by the stoppage of  T lymphocytes 

proliferation (Kim et al., 2007).  

Regarding to inhibitory effect of MSCs on T lymphocytes Selmani et al. (2008) demonstrated that MSCs 

increase expression of CD4+CD25 (T regulatory lymphocyte) which in turn reduce the inflammatory process 

by suppressing CD8  T lymphocyte, Natural killer cells and dentritic cells.  

Also, (Sotiropoulou et al., 2006) who discovered that MSCs secreted hepatocyte growth factor (HGF) to 

inhibit T cells and (Beyth et al., 2005) who reported that MSCs inhibit T cells proliferation through the 

secretion of IL10. Altogether the immunosupressive effect of MSCs on T cell could be referred to secretory 

activity of MSCs for endolamine (IDO) (Frumento et al., 2002), nitric oxide (NO) (Sato et al., 2007), HLAG 

(La Rocca et al., 2009), heme oxygenase 1 (Chabannes et al., 2007) and stromal cell-derived factor (SDF-1) 

(Le Blanc et al., 2004). 

Conversely, the immune-suppressive function of MSCs may be explained by their suppression of denteritic 

cells. MSCs may prevent DC maturation, differentiation, and function (Zhang et al., 2004) through cell to cell 

interaction (Zhang et al., 2004), secretion of soluble factors (Chen et al., 2007), suppresing DC 

differentiation markers as CD80, CD86, CD40 and maturation marker CD83 (Zhang et al., 2004), decreasing 

secretory activity of DC for IL2, IL12, TNFα and increase secretion of IL10 (Jiang et al., 2005), Also, MSCs 

could return mature DC to immature one (Jiang et al., 2005).  
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Fig.6 Immunomodulatory activity of MSCs 

Similarly, MSCs cooperate with B lymphocyte to suppress B cells; proliferation, activation, immunoglobin 

secretion (Deng et al., 2005) and prevent B cell chemokine’s receptors as CXCR4, CXCR5 and CCR7 

expression (Corcione et al., 2006) through secretion of many soluble factors (Hashemian et al., 2015). On 

the same way, MSCs suppressed natural killer cells in a dose dependent manner (Krampera et al., 2006). 

Also,  (Rasmusson et al., 2003) reported that MSCs could not be recognized by NK cells.  
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Fig.7 Paracrine mechanism of MSCs 

Differentiation into specialized tissue cells:  

(Patel et al., 2013) demonstrated that MSCs had the ability to differentiate and regenerate many types of 

cells as vasculature, tendon, bone, liver, kidney and nerve. Since many transplanted cells become apoptotic 

during the initial phase of the disease or migrate to the liver and lung, it is unknown exactly how much of the 

cells needed to be delivered to the wounded tissue in order to maintain and potentiate the various 

regenerative pathways. 

Moreover, (Kodama et al., 2009) showed that the neogensis in the pancreatic beta islet was detected 2 to 3 

weeks after infusion with the infused ESCs localized close to the neogenic pancreatic cells that endogenously 

expressed Ngn3 the revious mentioned evidence supported that stimulation of the internal repair 

mechanism. 

Furthermore, many other reports suggested that MSCs in vivo differentiate into insulin secreting cells while 

infused undifferentiated into diabetic rodents models with bringing back hyperglycemia and regulating 

insulin secretion. It was shown that the undifferentiated MSCs may settle into the damaged pancreatic tissue 

and undergo transdifferentiation to become specialised cells that produce insulin (Iskovich et al., 2012). 

Transplantation of Undifferentiated mesenchymal Stem cell 

Infusion of undifferentiated MSCs based on Based on the MSCs' ability to migrate in response to certain 

chemokines released by injured tissue and interacting with particular receptors on their surface, including 

CCR1, CCR4, CCR7, CCR9, CCR10, CXCR1, CXCR3, CXCR4, CXCR5(Granero-Molto et al., 2008). In total, the 

migratory activity of MSCs was effectively seen in radiation-induced acute renal failure, myocardial infraction, 

multi-organ failure, and brain ischemia(Otto and Wright, 2011). 

The exact type of stem cell tracking cytokine is still unknown, but new research has identified 39 chemokines 

with distinct roles in controlling stem cell trafficking (Granero-Molto et al., 2008). 

One of these chemokines was stromal derived factor (SDF-1), which was thoroughly studied for its role in 

MSC migration to damaged tissue as well as its expression on the surface of CNS and immune cells. It is in 
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charge of the stromal progenitor cells' migration into damaged tissue. It initially discussed the migration of 

MSCs in a rat model of myocardial infarction.(Hiasa et al., 2004). 

Also, (Meivar-Levy and Ferber, 2010) reported that SDF-1 increase MSCs homing to diabetic pancreas and 

enhance beta cell regeneration and insulin secretion in adiabatic patients.  

Lipid lysophosphatidic acid LPA1 was another trafficking chemokine for  MSCs that improve the migration of 

pulmonary resident MSCs in a LPA1 induced beta catenin activation (Badri and Lama, 2012). 

Concerning the ability of MSCs to cross blood vessel and penetrate the damaged tissue MSCs likewise to 

leukocyte adhere to the endothelial of the blood vessel through several molecules as selectin-P, integrinβ1 

and vascular cellular adhesion molecules1 (VCAM-1), then extravasted to infiltrate the damaged tissue. The 

migration process was enhanced with proapototic, inflammatory, angiogenic factors and growth factors such 

as; this process was controlled with many factors as interleukin (IL)-8, neurotrophin-3, TGF-�, IL-1�, TNF-�, 

platelet-derived growth factor, EGF, and SDF-1 (Motaln et al., 2010). 

Sohni and Verfaillie (2013)  reported that infused human MSCs could migrate to injured pancreatic tissue in 

the presence of many chemokine interacting with specific chemokines receptors on the surface of MSCs and 

persist in the damaged tissue for several weeks. Interestingly, (Ezquer et al., 2012) found that MSCs migrate 

and home to lymphatic system including pancreatic lymph node in diabetic rat model that suggested that the 

homed cells modulate and targeted immune system. 

Monitoring of diabetes mellitus: 

There are two types of diabetes monitoring techniques: indirect and direct. Assessing the amount of water 

consumed, detecting and measuring urine glucose, ketone bodies, and measuring glycosylated protein 

concentrations are some indirect methods of monitoring diabetes in dogs and cats. Though the direct ways 

include serial blood glucose measurements which are commonly referred as BG “curve” or continuous blood 

glucose monitoring through a subcutaneous probe (Cook and dip, 2012). Furthermore they stated that the 

majority of veterinarians favour routinely taking blood glucose directly over indirect ways because the 

indirect methods may fail to identify periods of hypoglycemia. However, logistical limitations on direct 

approaches may necessitate the use of indirect evaluations. 

Since animals only drink water when they are thirsty not because it tastes good or is socially acceptable, 

hence fluid consumption inadvertently reflects BG status. (Cook and dip 2012). 

Another indirect method of determining blood glucose status is urine glucose recognition, which also detects 

ketonuria (Nelson, 2010). 

Serum fructosamine levels in dogs and cats offer a quantitative indirect measure of the regulation of diabetes 

(Thoresen and Bredal, 1996 and Loste and Marka, 2001). 

Dogs and cats' glycosylated hemoglobin concentrations can also be measured, and the results offer important 

details about glycemic control over the preceding six weeks (Elliott et al., 1997 and Loste and Mark, 1999). 
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Fig.8 different routes of MSCs administration 

Induction of diabetes mellitus: 

Numerous animal models have been created over the years to study diabetes mellitus or evaluate 

medications that treat the disease. These models involve genetic engineering in multiple animal species, 

surgical techniques (pancreatectomy), and chemical methods (alloxan monohydrate, streptozotocin) to 

generate diabetes mellitus (Srinivasan and Ramarao, 2007, Thatte, 2009 and Etuk, 2010). 

Etuk (2010) reported that chemical induction of diabetes mellitus seems to be the most frequently used 

method. It is capable of inducing both type I and type II DM with the correct dosage selection. The surgical 

and genetic methods require high technical skills, may be due to a high percentage of animal deaths, and 

consequently are rarely used. 

Alloxan (ALX) is the most well-known drug for the induction of diabetes.  Due to ALX is the most reliable, 

simple, and powerful reproducible method for diabetes mellitus induction, especially type 1, in experimental 

animals (Viana et al., 2004). 

ALX emoly their diabetogenic effect when administered either intravenously, subcutaneously or intra-

peritoneally (Federiuk et al., 2004 and Lenzen, 2008). 

Chemical structure of alloxan and mechanism of action: 

ALX (2, 4, 5, 6- tetraoxypyrimidine; 2, 4, 5, 6- pyrimidinetetrone) is a urea derivatives which produce 

selective necrosis of the beta cells of pancreatic islets. Additionally, it has been widely used to induce 

experimental diabetes in animals such as rabbits, mice, rats and dogs with different scores of disease severity 

by using different doses of alloxan (Etuk, 2010 and Iranloye et al., 2011).  
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This weak, hydrophilic product is about 1.5 minutes (at 37 °C) half-life. With a decrease in temperature, half-

life decreases (Lenzen, 2008). 

*Mechanism of action of alloxan: 

ALX causes diabetes by destructing the insulin-secreting cells of the pancreas leading to hyperglycemia. This 

seems to be due to two pathophysiologic pathways: (1) It can selectively prevent the secretion of glucose 

induced insulin by blocking glucokinase (2) it can produce reactive oxygen species (ROS) through cyclic redox 

reactions and dialuric acid (Szudelski, 2001 and Lenzen, 2008).  

Alloxan's harmful effects on pancreatic beta cells include the oxidation of critical sulphydryl (SH) groups, 

glucokinase enzyme inhibition, free radical production, and disruptions in intracellular calcium homeostasis 

(Dhanesha et al., 2012). 

ALX is predominantly accumulates in beta cells by the glucose transporter 2 (GLUT2) for making its toxicity 

to insulin-producing pancreatic beta cells. By the presence of intracellular thiols, ALX generates ROS which 

induce toxicity by its the product of its reduction and redox reaction, dialuric acid which establish a redox 

cycle with the formation of superoxide radicals. These radicals undergo dismutate to produce hydrogen 

peroxide.  At the same time, with the action of ROS, there is a there is a massive increase in cytosolic calcium 

concentration that causes rapid destruction of pancreatic beta cells (Marrif et al., 1995, Jorns et al., 1997 

and Cheekati et al., 2017). 

This mechanism is because of the selective uptake of ALX through the GLUT2 transporter because of the 

structural resemblance to glucose (Lenzen, 2008 and Viswanathaswamy et al., 2011). 

Phases of alloxan: 

ALX induces a multiphasic blood glucose response after injection into an experimental animal, which is 

accompanied by corresponding inverse changes in the plasma insulin concentration followed by sequential 

ultrastructural beta cell changes ultimately leading to necrotic cell death. The first phase that comes into view 

within the first minutes after ALX injection is a transient hypoglycemic phase that lasts maximally for 30 

minutes (Wrenshall et al., 1950 and Lenzen, 2008). 

This first hypoglycemic phase has been noted to be the result of a transient stimulation of insulin secretion 

due to a temporary increase in ATP level resulting from the temporary effects of ALX inhibition of glucokinase 

that was confirmed by an increase of the plasma insulin concentration (Kliber and Schindler, 1996 and 

Macdonald Ighodaro et al., 2017). 

The second phase begins shortly after an hour post administration showing a spike in the blood glucose level. 

There may be a decrease in plasma insulin. It is the first hyperglycemic phase which due to the first contact 

with the toxins by the pancreatic β cells lasts for a period of 2–4 hours. (Mashi et al., 2019 (a) and Mashi et 

al., 2019(b)). 

Insulin secretion inhibition from the pancreatic beta cells activated by induction. The reason for their second 

phase diabetogenicity is their beta cell toxicity and ROS attack (Kliber and Schindler, 1996). 

Hypoglycemia is the third phase, occurs 4-8 hours following injection of ALX ,that lasts for several hours. The 

flood insulin circulation results in extreme transitional hypoglycemia as a result of the ALX-induced secretion 

of granules and cell membrane rupture, ALX has also been linked to a hypoglycemic phase, which is 

accompanied by a significant influx of free Ca2+ into the cytosol of pancreatic islet beta cells, which in turn 

stimulates the secretion of insulin.(Park et al., 1995 and Mashi et al., 2019 (a)). 

Full destruction of beta cells and loss of cell integrity occurs within 24-48 hours in the fourth stage of the 

diabetic process, which characterized by persistent hyperglycemia  (Jorns et al., 1997, Peschke et al., 2000 

and Lenzen, 2008). 

The dose of ALX that required for inducing diabetes depends on the animal species, route of administration 

and nutritional status (Sakata et al., 2012). 

Num-Adom et al. (2022) that DM was effectively induced by administering 100 mg/kg body weight of ALX 

via the saphenous vein.  
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Mosallanejad et al. (2013) reported that a single intravenous injection of ALX at a dose of 60 mg/kg body 

weight dissolved in normal saline was properly used for induction of DM. 

Abdullaziz et al. (2022) reported that they using a single intravenous injection of 60 mg/kg body weight of 

ALX dissolved in 5 ml of saline (5%) to induce diabetes in dogs. 

Watanabe et al. (2004) stated that they were inducing diabetic DM with a single intravenous injection of 

alloxan monohydrate diluted in physiological saline at a dosage rate of 50 mg/kg body weight. 

In order to induce diabetic mellitus, 100 mg/kg body weight of ALX was injected into the saphenous vein 

after it had been reconstituted in cold normal saline to a concentration of 200 mg/ml (Aluwong et al., 2016 

and Esievo et al., 2021). 

Kim et al. (2006) demonstrated that an intravenous dose of 80–100 mg/kg body weight of ALX was 

administered immediately following the setup for DM induction. The ALX solution was prepared by dissolving 

alloxan monohydrates in normal saline at a concentration of 100 mg/ml. 

Sheweita et al. (2002) stated that a single intravenous dose of 60 mg/kg body weight of ALX dissolved in 

normal saline was given to induce diabetes. 

Side effects of alloxan: 

Interestingly, certain liver lesions brought on by the toxic effects of STZ or ALX during the acute and sub-

acute phases of treatment are also seen during the chronic stages of inducing diabetes. This implies that these 

lesions could be the consequence of either of these chemicals acting alone or of chronic hyperglycemia acting 

in concert with these other factors (Remedio et al., 2011). 

Lucchesi et al. (2013) showed that IDDM altered the oxidative balance in the liver of alloxan-induced 

diabetic model over the longstanding, which was characterized by a significant increase in ROS in liver tissue 

and markedly reduced defense antioxidants.  

Lucchesi et al. (2015) stated that the changes in blood liver enzymes (AST and ALT) and the morphological 

and ultrastructural lesions found in the livers of animals are closely correlated to DM-induced chronic stress 

in liver cells. Lesions were more severe in the longer experimental follow-up periods, especially in diabetic 

animals after 26 weeks of uncontrolled hyperglycemia. 

During the first two weeks following the introduction of diabetes, systemic toxic effects of ALX and STZ are 

frequently detected. ALX shows a particularly narrow margin of safety between the diabetogenic and lethal 

dose, and deaths commonly occur as a result of diabetic ketoacidosis and/or kidney or liver failure. These 

facts highlight the importance of performing experimental observations of the liver after the acute or 

subacute phases of ALX (Lucchesi et al., 2015). 

Several studies have revealed that ROS generated by ALX administration being the most common etiology for 

the destruction of vital organs of the body. Liver is one of the organs damaged by ROS (Atawodi, 2011) It 

was evident by increase in hepatic marker enzymes i.e. ALT, AST and ALP to the abnormal levels. But, these 

free radicals are also involved in the other tissue damage (liver and kidney etc.) which occurs in the 

progression of DM (Mohamed et al., 2016). 

Conclusion: diabetes of the most devastating metabolic syndrome that had major health complications. 

Insulin and/or oral hypoglycemics fail to achieve tight glycemic control. Thus, replacing or regenerating the 

injured pancreas is the most convenient therapeutic approach. However, replacing the damage beta islet has 

several restrictions the most important of them are lack of the cadaveric donors and the body immune system 

transplant rejection. MSCs representing a promising therapeutic and regenerative tool for this syndrome. 
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