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Abstract 

 

The study was planned to find out a reliable diagnostic techniques for canine diabetes with 

histopathological effects on different organs.  A total number of 53 candidate diabetic dogs 

from SAQTVH, CVASU and Chittagong metropolitan area were studied. Diabetes in dogs 

were determined on the basis of clinical finding, hematological profile and serum 

biochemical profile evaluation. Organs specimens from a dead diabetic and healthy dog were 

collected for histopathological studies. The prevalence of diabetic dog was 5.76%. The mean 

blood glucose parameter in diabetic dog was 11.5±0.42 mmol/L. TLC (10.48±0.32 ×103 /µl), 

ALT (143.38±2.66 IU/L), cholesterol (237.68±0.43 mg/dl) and glycated haemoglobin 

(9.51±0.31%) values were significantly elevated in diabetic dogs than that of control dog. 

Glycated haemoglobin (HbA1c %) test was more reliable than portable blood glucose 

measurement device test, oral glucose tolerance test and hematological profile evaluation test. 

Histopathologically, the number and size of pancreatic islet were reduced with degeneration, 

fatty deposition, fibrosis and necrosis. The villus length of intestinal mucosa was shorter (1.1 

mm) in diabetic dog than healthy dog (1.5 mm). Cellular infiltration and fatty deposition were 

observed in liver of diabetic dog. HbA1c test might be useful to clinician for effective 

diagnosis of canine diabetes and histopathology of different organs might provide knowledge 

about deleterious effects on organs. 

 

Keywords: Reliable diagnostic techniques, canine diabetes, histopathological effect, organs 
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Chapter – 1  

Introduction 

Diabetes mellitus is one of the common metabolic disorders affecting middle-aged to 

geriatric dogs. It results from absolute or relative deficiency of insulin (Kumar et al., 2014; 

Guptill et al., 2003). The most common form of diabetes of dog resembles type-1 diabetes in 

humans (Richard et al., 2014). The prevalence is about 0.4 – 1.21% (Kumar et al., 2014). The 

classic clinical signs include – persistence fasting hyperglycemia and glycouria (Blood 

glucose concentration 3.5 to 6.1 mmol/L or 63.1 to 109.9 mg/dl) (Guptill et al., 2003), 

polyuria, polydipsia, polyphagia, and weight loss (Fledman, 1983), ketonuria and keto-

acidosis (ketone levels < 2.8 mmol/L) (Thompson et al., 2001) 

The etiology of diabetes in dogs is incompletely understood and may be multifactorial (Hess 

et al., 2000). An immune-mediated component and environmental factors are mostly involved 

in the development of diabetes in dogs (Richard et al., 2014). Pancreatitis, obesity, concurrent 

hormonal disease, hyperadrenocorticism are also considered as risk factor of canine diabetes 

(Hoenig & Dawe 1992) 

The diagnosis is based on the presence of appropriate clinical signs and persistent 

hyperglycemia and glycosuria, hyperclosterolemia, hypertriglyceridemia and ketonuria and 

keto-acidosis may develop if the owner fail to recognized the early sings or lax in seeking 

veterinary care. In serum biochemical profile evaluation, there is a significant increase in the 

parameters like ALT, cholesterol, triglycerides, fasting blood sugar and glycated hemoglobin 

values in diabetic dog compared to control dog (Sattar et al., 2007; Andrade et al., 2008; 

Doxey et al., 1985; Nelson and Reusch 2014). Histoplathologically, the disease is 

characterized by reduction of number and size of pancreatic islet, decrease the number of beta 

cells within the islet and beta cell vacuolation and degeneration (Catchpole et al., 2005; 

Nelson and Reusch, 2014). An extreme form of disease represented by an absolutes 

deficiency of beta cells and pancreatic islet hypoplasia or aplasia in juvenile dog whereas less 

severe in adult dog.  

Deleterious effects of diabetes in a variety of organs, including vascular, renal, ophthalmic, 

neurological, digestive and reproductive systems are evaluated (Alberti et al., 2003, Feldman, 

1983; Fall et al., 2007). Histologically, intestinal mucosa become atrophic, thicker, reduced 

villi, stromal infiltration in a diabetic dog (Fall et al., 2007; Jelodar et al., 2007). Fatty 

deposition, nuclear vacuolation, cellular infiltration and fibrosis are observed in the liver of 

diabetics (Khan, 1984; Prathaban, 1990). 
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Several studies are carried out about the diagnosis and effect of diabetes mellitus in dog 

throughout the world (Fleeman and Nelson, 2001; Kumar et al., 2014; Nelson and Reusch, 

2014; Richard et al., 2014). In available literatures a very few studies have been documented 

on canine diabetes in Bangladesh. Therefore, this study has undertaken for following 

objectives - 

1. To know the current status of canine diabetes 

2. To know the reliable diagnostic techniques of canine diabetes  

3. To understand the effect of diabetes on different organs 
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Chapter – 2  

Review of literature 

2.1 Canine diabetes and its incidence 

Ngugi et al. (2012) stated that diabetes mellitus (DM) consists of a group of metabolic 

diseases that are characterised by a chronic excess of blood glucose, resulting from the 

defects in insulin secretion, insulin action, or both. It constitutes a major global public health 

concerns in humans, and as well as in animals. 

Souhami et al. (1994) reported, diabetes mellitus is a metabolic disturbance characterized by 

hyperglycaemia and a relative lack, or complete absence of insulin. It is a disease, which by 

virtue of its complications may affect all the organs systems in the body. 

Kumar et al. (2014) stated that diabetes mellitus is one of the common metabolic disorders 

affecting middle-aged to geriatric dogs characterized by hyperglycemia, glycosuria and 

weight loss, resulting from absolute or relative deficiency of insulin. Research conducted on 

canine diabetes mellitus has direct implication on studying this disease in humans 

Fracassi et al. (2004) studied that diabetes mellitus is a common endocrinopathy in dogs, with 

certain breeds shown to have either an increased or decreased risk of developing the disease. 

The incidence is unknown, since all published epidemiological studies have been cross-

sectional or hospital-based. Their report revealed the prevalence of the disease has varied 

from 0.3 % to 1.3 %. 

Rand et al. (2004) reported that with a prevalence of 0.32% to 0.64%, diabetes mellitus is one 

of the most common endocrine disorders in middle aged dogs, with a predisposition for 

female dogs. 

Richard et al. (2014) studied that diabetes mellitus is a common disorder in dogs and cats, 

with a reported hospital prevalence rate of 0.4–1.2%. The most common form of diabetes of 

dog resembles type-1 diabetes in humans.  

Marmor et al. (1982) reported that diabetes in the dog is mostly found in middle aged and 

older dogs. Its incidence is increasing, possibly due to an increase in obesity in dog. Three 

different types of diabetes have been identified in dog. Dogs with approximately 40% body 

fat had normal glucose tolerance and insulin secretion; hyperinsulinemia was seen at higher 

degrees of obesity and only the group with the highest degree of obesity (approximately 75%) 

showed glucose intolerance. 

Mattheeuws et al. (1984) studied that diabetes mellitus is one of the most common endocrine 

disorders in dogs, and at present, in man, with polydipsia, polyuria, polyphagia and weight 
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loss. The prevalence of canine diabetes has been estimated between 0.0005% and 1.5% all 

over the world. 

Feldman and Nelson (1996) found that diabetes mellitus most commonly occurs in middle 

age to older dogs, but occasionally occurs in young animals. In addition, it occurs more 

commonly in female dogs than in male.  

2.2 Etiology of canine diabetes 

Fall et al. (2007) reported that the etiology of diabetes in dogs is incompletely understood and 

may be multifactorial. Genetic predispositions have been suggested by familial associations, 

pedigree analysis of Keeshonds, and genomic studies aimed at identification of susceptibility 

and protective major histocompatibility complex haplotypes. 

Jelodar et al. (2007) stated that diabetes mellitus in dog is a chronic metabolic disorder 

characterized by high blood glucose concentration caused by insulin deficiency, often 

combined with insulin resistance. It is an endocrine disease in origin, but its major 

manifestations are those of a metabolic disturbance.  

Khan, (1994) reported that diabetes in dog is caused by the impairment of insulin signalling 

pathways, and the defect usually results from pancreatic β-cell deficiency and/or a deficiency 

of insulin.  

Richard et al. (2014) reported that genetics, an immune-mediated component, obesity 

concurrent hormonal disease, hyperadrenocorticism and environmental factors are involved 

in the development of diabetes in dogs. 

Kennedy et al. (2006) reported that canine diabetes mellitus is an immune-mediated disease 

caused by complex interactions between genes and the environment. The disease affects 

many breeds of dog, including mixed breeds, and susceptibility varies greatly. Researchers 

suspect that genetic mutations may differ among breeds. Commonly affected breeds include 

poodles, dachshunds, miniature schnauzers, beagles, puliks and pugs, Cairn terriers and 

miniature pinschers. 

Guptill et al. (2003) reported that certain breeds of dog appear to be predisposed to diabetes. 

A database containing medical records of over 6,000 diabetic dogs from 24 veterinary 

schools in North America identified breeds including the Miniature Schnauzer, Bichon Frise, 

Miniature Poodle, Samoyed and Cairn Terrier as having an increased risk of the disease.  

2.3 Clinical signs of canine diabetes 

Greco, (2001) found that most diabetic dogs with the classic clinical signs are polyuria and 

polydipsia. Polydipsia was the most common clinical sign of diabetes mellitus in dogs (93%). 

Polyuria on the other hand, was observed in only 77% of dogs. Dramatic and rapid weight 

REVIEW OF LITERATURE
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loss in an animal with a good or even ravenous appetite will often alert the owner to seek 

veterinary advice. Weight loss is observed more commonly in dogs (62%). Only 19% of dogs 

exhibited polyphagia as a clinical sign of diabetes mellitus. In dogs, progressive polyuria, 

polydipsia and weight loss develops relatively rapidly usually over a period of several weeks. 

Foster, (1975) reported that dogs with diabetes mellitus show all the classical symptoms 

observed in humans. The major complaint at first consultation is usually an increased thirst 

and increased urination. The owner might also have noticed about weight loss, in spite of a 

good appetite. Other symptoms may be a dull hair-coat, muscle wasting, tiredness, loss of 

vision, and infections If the dog is not correctly treated for its disease, it may pass into a 

ketoacidotic state, which is a severe condition that requires intensive care. 

Richard et al. (2014) studied that classic clinical signs of diabetes include polyuria, 

polydipsia, polyphagia, and weight loss. Clinical signs do not develop until hyperglycemia 

reaches a concentration that results in glycosuria, typically at blood glucose concentrations of 

180–220 mg/dl in dogs and 220–270 mg/dl in cats. A subclinical or prediabetic state as 

occurs in humans is uncommonly recognized in dogs and cats. The diagnosis of diabetes is 

based on the presence of appropriate clinical signs and persistent hyperglycemia and 

glycosuria. Hypercholesterolemia and hypertriglyceridemia are common and ketonuria and 

ketoacidosis may develop if the owner fails to recognize early signs or is lax in seeking 

veterinary care. 

Briggs et al. (2000) reported, Clinical signs of DM will typically be present when there is 

persistent hyperglycemia and glucosuria (BG concentration exceed approximately 200 mg/dL 

in dogs and 250–300 mg/dL in cats). Blood glucose concentrations in these ranges may occur 

for a variety of reasons, including stress hyperglycemia in cats, corticosteroid administration, 

the presence of concurrent insulin-resistant disease (hyperadrenocorticism, obesity), or as part 

of the early stage of developing DM. 

Agardh et al. (2005) suggested that insulin deficiency can lead to production of ketone bodies 

and acidosis with symptoms such as nausea, pain in the stomach, hyperventilation, blurred 

consciousness and perhaps even unconsciousness and diabetic coma, which is a dangerous 

acute complication. 

2.4 Diagnosis methods of Canine diabetes 

Rucinsky, (2010) described different approaches for the diagnosis of diabetes mellitus and 

assessment depending on the level of hyperglycemia and the presence of clinical signs. For 

cats and dogs who present with clinical signs suggestive of diabetes mellitus, perform a 

physical examination and full laboratory evaluation (complete blood count [CBC]), 

REVIEW OF LITERATURE
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electrolytes and urine analysis with culture, urine protein:creatinine ratio (UPC), 

triglycerides, blood pressure (BP), and thyroxine (T4); to confirm the diagnosis as well as to 

rule out other diseases. Elevated blood glucose can sometimes be identified on blood with the 

absence of consistent clinical signs. In such cases, if stress hyperglycemia can be ruled out, 

the patient may be classified as at-risk for developing diabetes mellitus. 

Oda et al. (2013) reported, Laboratory evaluation includes a basic minimum database (CBC, 

chemistry with electrolytes, urine analysis with culture, triglycerides, UPC, BP, and T4 level 

in cats). Typical findings include hyperglycemia, glucosuria, and stress leukogram, as well as 

increased cholesterol and triglycerides. Dogs frequently show increased levels of alkaline 

phosphatase (ALP) and alanine aminotransferase. Cats, however, show more variability in the 

presence of a stress leukogram and elevated ALP. Elevated liver enzymes in a cat may 

warrant further evaluation for concurrent liver disease. Pancreatitis is a common comorbidity 

and may need to be addressed. 

Plotnick and Greco, (1995) suggested that the diagnosis of diabetes mellitus in the dog is 

relatively easy and based on three findings: typical clinical signs (polyuria, polydipsia, weight 

loss, polyphagia), and persistent fasting hyperglycemia and glycosuria (The combination of 

persisting fasting hyperglycemia and glycosuria is essential for the diagnosis of diabetes 

mellitus. A thorough diagnostic work-up is mandatory to exclude or identify concurrent 

diseases. This work-up should minimally include a thorough physical examination, including 

oral inspection and ophthalmic examination, complete blood count, serum biochemistry 

profile, including thyroxine and canine pancreatic lipase immunoreactivity (cPLI) and 

urinalysis with culture. 

Marmor et al. (1982) suggested that diagnosis is based on measurement of glucose in the 

blood and urine. Healthy dogs do not have detectable amounts of glucose in the urine and 

have fasting blood glucose concentration between 3.5 and 6.0 mmol/L.2 In general veterinary 

practice, tests for insulin secretion are not performed. Dogs are sometimes tested for 

concurrent and potentially diabetogenic disorders, such as hyperadrenocorticism or 

pancreatitis. 

Banting et al. (1922) suggested that diagnosis and treatment of DM have largely been based 

on the measurement of blood glucose concentrations. 

2.5 Biochemical changes of blood in canine diabetes 

Sattar et al. (2007) suggested that there is a significant increase in the parameters like ALT, 

cholesterol, triglycerides, fasting blood sugar and glycated hemoglobin values in diabetic dog 

compared to healthy dog. Glycosylated hemoglobin is formed by an irreversible, non-

REVIEW OF LITERATURE
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enzymatic binding of glucose to hemoglobin. As plasma glucose concentrations increase, 

hemoglobin glycosylation increases proportionately. Normal glycosylated hemoglobin 

(mean+/-SD) values are: 2.95 ± 0.15% in dogs. Serum fructosamine is formed by 

glycosylation of serum protein such as albumin. The concentration of fructosamine in serum 

is directly related to blood glucose concentration. 

Bunn, (1981) reported that the glycosylated hemoglobin (HbA1) assay has gained special 

importance in the assessment of glycaemic control in diabetic patients It is widely accepted as 

an objective time averaged index of blood glucose control over the preceding six to eight 

weeks. 

Reusch, (2009) studied found that the glycosylated hemoglobin (GHb) concentration reflects 

the mean glucose concentration over a period of 10 to 14 weeks in dogs, depending on the 

life span of red blood cells.  

2.6 Histopathological effect of canine diabetes on different organs 

A number of reported by various scientist studies that the deleterious effects of diabetes in a 

variety of organs, including vascular, renal, ophthalmic, neurological, digestive and 

reproductive systems are evaluated (Alberti et al., 2003; Holstein et al., 2002; De Las Casas 

et al.,1999). Histologically, intestinal mucosa become atrophic, thicker, reduced villi, stromal 

infiltration in a diabetic dog Fatty deposition, nuclear vacuolation, cellular infiltration and 

fibrosis are observed in the liver of diabetics patient in dog 

Catchpole et al. (2005) study found that histoplathologically the disease is characterized by a 

reduction of number and size of pancreatic islets, decrease the number of beta cells within the 

islet and beta cell vacuolation and degeneration. An extreme form of disease represented by 

an absolutes deficiency of beta cells and pancreatic islet hypoplasia or aplasia in juvenile dog 

whereas less severe in adult dog.  

Kaneko (1997) study reported, diabetes in dog may cause other organ complications 

especially eyes, kidneys, heart and blood vessel.   

Ling et al. (1977) and Gepts & Toussaint (1967) studies suggested that findings in pancreatic 

biopsy samples from diabetic dogs have been conflicting. Two fairly large studies of diabetic 

dogs have shown a reduced number or total absence of islets, together with degeneration, 

hyalinization or vacuolization of pancreas. Pancreatic biopsy samples from dogs with 

diabetes mellitus secondary to progestin treatment or diestrus also showed degeneration and 

vacuolization of the beta cells. Insulitis was not seen in any of these three studies. 

REVIEW OF LITERATURE
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Alejandro et al (1988) reported in their study in diabetic dogs characterized by lymphocytic 

infiltration associated with islets (insulitis) and some dogs displayed extensive exocrine 

pancreatic damage.  

Watson et al. (2007) study showed that chronic pancreatitis is a common finding at autopsies 

of dogs in general practice. In that particular study 34% of 200 dogs with various diseases 

were considered as having chronic pancreatitis.  

Brenner et al. (2009) studied histopathological investigation in 12 juvenile diabetic 

Greyhounds dog revealed extensive exocrine and endocrine atrophy of the pancreas. 
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 Chapter - 3 

 Materials and Methods 

3.1 Study area and study population 

 A total number of 53 dogs from SAQTVH, Chittagong Veterinary and Animal Sciences 

University (CVASU) and Chittagong Metropolitan area were tested for diabetes by using 

different diagnostic techniques during the experimental period (January 2017 to January 

2018). 

Figure 1: Study area, SQTVH, CVASU, Chittagong metropolitan area 

3.2 Experimental design  

Candidate diabetic dogs were examined on the basis of clinical finding, hematological and 

serum biochemical profile evaluations. Dogs were randomly divided into 2 groups; control 

and diabetic dog. Control dogs were selected from healthy and non-diabetic population. 

Diabetic doges were 3 – 4 years age and having body weight 5.7±0.28 kg. The age of control 

dogs were same as diabetic dogs.  

3.3 Determination of the disease 

The diagnosis of diabetes in dog was based on the measurement of glucose level in the blood 

and urine. Candidate diabetic dogs were considered on the basis of owner complain, clinical 
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signs and findings were examined by fasting glucose test and biochemical analysis of blood 

for further confirmation of the disease. A meeting interview was used for filling in the 

questionnaire including personal details and clinical characteristics of the studied dogs. All 

interviews were conducted face to face. 

The most reliable clinical parameters were the absence or presence of polyuria, polydipsia, 

lethargy and weakness. The follow- up of body weight in the medical record was of the 

utmost importance. Unexpected weight loss and the presence of ketonuria were noticeable in 

some of the studied dog. 

Clinical signs were often suggestive and the diagnosis in dogs was readily confirmed by 

simple diagnostic tests. 

3.3.1Fasting blood glucose level determination by portable blood glucose 

measurement device 

Blood was obtained from the candidate dogs through the  standard venipuncture of 

cephalic vein, saphenous vein and or ear vein to determine their non-fasting blood 

glucose levels in mmol/L using portable blood glucose measurement device; 

Glucometer (GLUCO-DOCTOR, China). Food was withdrawn from the dogs 

overnight. The fasting blood glucose of each dog was then determined at twice in 

a day.  

Blood glucose strips were used to measure blood glucose concentration. A drop of 

blood was placed on the pad at the end of the strip. After the specified amount of 

time the pad is wiped and the colour was checked against the chart on the 

container.  

Again a drop of blood was placed on the provided strips, the strip was then 

inserted into the glucometer and the blood glucose concentration was recorded. 

3.3.2 Bio-chemical analysis of blood, urine of candidate dogs for determination of 

diabetes mellitus 

Fasting overnight venous blood samples (about 2 ml each) were collected into 

vacutainer tubes from studied dogs (both diabetic and healthy). The blood samples 

were left for a while without anticoagulant to allow blood to clot. Then, serum 

samples were obtained by centrifugation at room temperature using ROTINA 46 

Hettich Centrifuge, Japan at 4000 rpm/10 minutes to be used for biochemical 

analysis. All the biochemical analysis were done by the procedure described by 

Kind and King, 1954; Reitman and Frankel, 1957; Varely, 1980 and Meiattini, 

1978. 

MATERIALS AND METHODS
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Another 2 ml of blood was collected in tubes containing EDTA to evaluated 

hematological changes which include: hemoglobin (Hb), packed cell volume, 

(PCV) and white blood cell count (WBC) as reported by the procedure of Sood, 

(1996).  

Random urine samples were also collected from the same diabetic and control 

dogs. The samples were then prepared for Benedit test and Rothears test to 

determine qualitative test of glucose.   

3.3.3 Oral glucose tolerance test 

The oral glucose tolerance test evaluates clearance from the circulation after 

glucose loading under defined and controlled conditions. The test has been 

standardized by the Committee on Statistics of the American Diabetes Associa-

tion. The studied dogs were fasting for the previous 8-14 hours. A zero time 

(baseline) blood sample was drawn. The studied dogs were given a glucose 

solution, which was drunk within 5 minutes. Blood was drawn at intervals for 

measurement of glucose (blood sugar) according to the study of Belinda, 2004.  

3.4 Collection of histopathological specimens 

One diabetic dog was died and necropsy was performed by standard methods in order to 

collect the visceral organs like liver, pancreas, small and large intestine. For control, 2 

healthy dogs were sacrificed and the specimens were collected. 

All the collected specimens were fixed in bouin’s solution and were processed for 

histopathological studies (Luna et al., 1968). 

3.5 Histopathological study of the specimens   

Following the customary procedure of paraffin embedding, the tissue blocks were cut in 

serial cuts, each 5µm thick. For the staining purposes, Mayer’s haematoxylin, eosin was used.  

3.5.1 Preparation of permanent slide 

The preparation of a histological permanent slide includes three main steps  

i) Tissue processing: Following steps are involved in the processing of tissue 

                 Fixation/decalcification and washing---  Dehydration ---  Cleaning ---  

                           infiltration ---  embedding ---  sectioning  --- floating of section in water bath       

                                                                      ---  Attaching of section on glass slide and drying 

ii) Staining: After drying, the slide with tissue section is ready for Hematoxilin and Eosin 

staining 
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iii) Mounting: Glass slide is protected by cover slip attached to the slide with a mounting 

medium of appropriate refractive index (e.g., Canada balsam) 

 3.5.2 Study of histopathological effect on different organs 

 The qualitative histological analysis of different visceral organs like liver, pancreas, small 

and large intestine were carried out by an optical microscope (ECLIPSE 400) to which a 

digital camera had been attached and connected to the control unit and the image projection 

screen. 

Analysis of the stromal structures of different visceral organs, reduction in the number and 

size of pancreatic islet, the villus length of intestinal mucosa, cellular infiltration and fatty 

deposition in the liver of diabetic and healthy dog were carried out. Villus length was 

measured by software along with digital camera. 

3.6 Statistical analysis of data 

Prevalence of diabetic in dog was calculated with the help of MS Excel 2010, STATA SE 13. 

The prevalence of diabetes in dog was calculated by the number of cases of diabetic dogs 

(diagnosed by postmortem and all possible laboratory test) as the numerator and the total 

number of dead/sick dogs presented as the denominator.  

Again the data generated from the haematological and biochemical profile of this study was 

expressed as mean ± standard deviation of means. Differences between the groups were 

compared by analysis of variance (ANOVA).  

3.7 Photography 

All the images related to this study were taken directly from microscope by using the 

different objectives (4X, 10X).The images were slightly modified for better illustration of the 

study. 
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PICTURE GALLARY 

 

Figure 2: Diagnostic tools for diabetes in dog. a. Portable blood glucose measurement 

device; b. Blood glucose test by PBGMD c. Estimation of ketones bodies by Rothear’s test; 

d. Auto-humanizer for biochemical profile evaluations 
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PICTURE GALLARY 

 

Figure 3: Dissection, collection and preservation of different organs from diabetic and 

control dog. a. Dissection of dog, b and c. Collection of different organs and d. Preservation 

of samples 
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  Chapter - 4 

  Results 

4.1 Determination of blood glucose evaluation of candidate dogs by portable blood 

glucose measurement device 

The mean blood glucose parameter in candidate dog was shown in Table 1. The mean value 

of fasting blood glucose and after meal blood glucose were 11.2±0.08 mmol/L and 11.8 

±0.08 mmol/L in diabetic dogs; respectively. The blood glucose parameter in control dogs 

were 5.36 ±0.51b mmol/L  

Table 1: Blood glucose evaluation in candidate diabetic dog by portable blood glucose 

measurement device (Data presented are Mean ± SD, n = 53)  

Blood glucose parameter in Diabetic dog (n = 3) Blood glucose 

parameter in 

control dog 

(n = 50) 

Reference 

value 
Morning/before 

meal 
Afternoon/after 

meal 
Mean value  

11.2 ±0.08 

mmol/L 

11.8 ±0.08 

mmol/L 

11.5±0.42
a
 

mmol/L 
5.36 ±0.51

b
 

mmol/L 
3.5 – 6.1 

Values are presented as Mean ± SD 

Here, SD = Standard Deviation. 

4.2 Determination of glucose in blood and urine of candidate dogs by laboratory 

qualitative testes 

The urine samples were prepared for Benedit test and Rothears test to determine qualitative 

test of glucose in the laboratory and 5 samples were found positive out of 53 samples and 

shown in Table 2.  

Table 2: Laboratory Findings 

Blood test Urine test 

Fehling's test (n = 52) Benedit test (n = 52) Rothear’s test (n = 52) 

Positive sample  5 Positive sample 5 Positive sample 5 

 

Healthy dogs did not have detectable amounts of glucose in the urine and have fasting blood 

glucose concentration between 3.5 and 6.0 mmol/L (mean value; 5.36 ±0.51 mmol/L). 
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On the basis of clinical signs, elevated blood glucose parameter and laboratory tests findings 

the prevalence of canine diabetes was 5.76% which was not statistically significant due to 

small size of populations. 

The most reliable clinical parameters were found as presence of polyuria, polydipsia, lethargy 

and weakness in the diagnosed diabetic dogs. Unusual body weight loss was noticeable in the 

diabetic dog. 

4.3 Hematological profile evaluation 

Hematological profile in normal and diabetic dogs was shown in Table 3 and Figure 4.a. 

There is no significant difference between healthy and diabetic group with respect to 

parameters like total leucocytes count (TEC), Platelets count and hemoglobin.  

There was a decreased level of total erythrocyte count (7.15±0.13×106 /µl); hemoglobin 

(10.98±0.17 gm/dl) and increased platelets (3.58±0.05 ×105 /µl) in diabetic dogs compared to 

healthy dogs. 

However there was a significant increase in the total leucocyte count (10.48±0.32×103 /µl) 

and packed cell volume (38.6±0.37%) in the diabetic group when compared to healthy group.  

In control group (non-diabetic healthy dogs), leucocyte count (TEC), total leucocyte count 

(TLC), Platelet count, hemoglobin and packed cell volume (PCV) were 8.22±0.15×106 /µl; 

5.3±0.18×103 /µl; 3.06±0.11×105 /µl; 14.12±1.17 g/dl and 49.73±0.90%; respectively.  

Table 3: Hematological profile evaluation 

 

Values are presented as Mean ± SD. Means value bearing same superscript are not 

significantly different at (P <0.05) in the same row when compare to control group. 

4.4 Serum biochemical profile evaluation 

Parameter Diabetic 
dog 

Control dog Reference value 

TEC (×10
6
 /µl) 7.15±0.13

a 
8.22±0.15

a 
5.5 – 8.5 

TLC (×10
3
 /µl) 10.48±0.32

a 
5.3±0.18

b 
6 – 16 

Platelet  (×10
5
 

/µl) 

3.58±0.05
a 

3.06±0.11
a 

3 – 3.5 

Hemoglobin 

(g/dl) 
10.98±0.17

a 
14.12±1.17

a 
12 – 18 

PCV (%) 38.6±0.37
a 

49.73±0.90
b 

37 – 55 

RESULTS
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Serum biochemistry profile in healthy and diabetic dogs was shown in Table 4 and Figure 

4.b. There was a significant increase in the parameters like ALT, cholesterol, triglycerides, 

and glycated hemoglobin values in diabetic group when compared to healthy group. Total 

protein was decreased significantly compared to the non-diabetic healthy dogs. However the 

increase in the creatinine value in the diabetic group was not statistically significant. 

There was an increased level of ALT (143.38±2.66 IU/L), total cholesterol (237.68±0.43 

mg/dl), triglycerides (84.78±0.55 mg/dl), glycated haemoglobin (9.51±0.31%) and decreased 

total plasma protein (5.98±0.17 gm/dl) concentration in diabetic dogs compared with healthy 

dogs.  

In the control group (non-diabetic healthy dogs), the level of ALT, cholesterol, triglycerides, 

total plasma protein, glycated haemoglobin were 32.95±0.96 IU/L; 116.12±2.86 gm/dl; 

64.41±1.18 gm/dl; 6.53±0.28 gm/dl; 5.2±0.28%; respectively. 

Table 4 also showed the levels of creatinine in healthy dogs and diabetes dogs. Creatinine 

(1.25±0.19 mg/dl) was observed to be higher in diabetic dogs than healthy dogs (0.93±0.02 

mg/dl).  

Table 4: Serum biochemical profile evaluation 

Parameter Diabetic Dog Control Dog Reference value 

Creatinine (mg/dl) 1.25±0.19
a 

0.93±0.02
a 

0.8 – 1.00 

ALT (IU/L) 143.38±2.66
a 

32.95±0.96
b 

30 - 35 

Cholesterol  

(mg/dl) 
237.68±0.43

a 
116.12±2.86

b 
118.85 

Triglycerides 

(mg/dl) 
84.78±0.55

a 
64.41±1.18

b 
65 – 70  

Total plasma 

protein (gm/dl) 
5.98±0.17

a 
6.53±0.28

b 
5-7.2 

Glycated 

Haemoglobin 

(HbA1c%) 

 9.51±0.31
a 

5.2±0.28
b 

6.50 -7.00 

 

Values are presented as Mean ±SD. Means value bearing same superscript are not 

significantly different at (P <0.05) in the same row when compare to control group. 
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Figure 4: a. Hematological profile of diabetic and control dogs and b. Biochemical profile of 

diabetic and control dogs 

4.5 Oral glucose tolerance test evaluation 

Normally, diabetes is detected by measuring blood glucose levels. However, due to wide 

deviations in the circulating glucose concentrations, a randomized glucose measurement 

which is a normally used laboratory tests for measuring long-term diabetic control. In 

addition, diabetic patients have reduced glucose tolerance. Additional burden of glucose is 

found to weaken the tolerance further. In present study, there was an elevation in blood 

glucose both fasting and after the meal in take diabetes as compared with normal healthy 

individuals. 

RESULTS
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From the result obtained, it was evident that fasting blood glucose levels significantly 

increase together with corresponding deteriorating oral glucose tolerance in diabetic patients. 

The intervals and number of samples vary according to the purpose of the test. For simple 

diabetes screening, the most important sample is the 2-hour sample. The zero and 2-hour 

samples may be the only ones collected. In a non-diabetic, the level of glucose in the blood 

goes up (6.9±0.18 mmol/L) immediately after the drink glucose solution. In a diabetic, the 

glucose in the blood goes up and stays high (12.3±0.14 mmol/L) after drinking the glucose 

solution. A plasma glucose level of 11.2±0.56 mmol/L or higher at two hours after drinking 

the glucose solution and at one other point during the two-hour test period confirms the 

diagnosis of diabetes. 

Table 5: Oral glucose tolerance test evaluation of candidate dogs 

Blood glucose parameter in diabetic dog Reference value 

Zero hour sample 2 hours sample Mean value  

10.2 ±0.14 mmol/dl 12.3±0.14 mmol/L 11.25±0.56 mmol/L  

 

 

3.5 – 6.1 

Blood glucose parameter in control dog 

Zero hour sample 2 hours sample Mean value 

5.4±0.18 mmol/dl 6.9±0.18 mmol/dl 6.15 ±0.71 mmol/L 

 

Values are presented as Mean ± SD 

4.6 Reliable diagnostic technique 

Here, in this study, diabetes in dog was diagnosed based on measurement of glucose in the 

blood and urine. The most reliable clinical signs were the presence of polyuria, polydipsia, 

lethargy, weakness and unusual body weight loss of the candidate dog. Those clinical signs 

were often suggestive and the diagnosis of diabetes in dogs was readily confirmed by simple 

diagnostic tests like blood glucose evaluation test by portable blood glucose measurement 

device; hematological profile evaluation test; serum biochemical profile evaluation and oral 

glucose tolerance evaluation test. Serum biochemical profile evaluation (especially glycated 

haemoglobin; HbA1c %) test was more reliable than by others testes where oral glucose 

tolerance evaluation test considered as standard test for diagnosis of diabetes in dog. 3 

samples showed higher HbA1c % and they were also found positive  in all other’s test. 

RESULTS
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The sensitivity and specificity of different test were calculated and showed in Table 6. Serum 

biochemistry profile evaluation test (glycated haemoglobin; HbA1c %) showed higher 

sensitivity (75%) compared to others test and concluded that dog with diabetes were not 

missed with this test.  

Table 6: Sensitivity and specificity of different test for diabetes diagnosis in dog 

Test 1 Diabetes   Test 2 Diabetes   

Positive Negative  Positive Negative  

Positive 3  3 PPV=.56 Positive 3  1 PPV=.750 

Negative 3  44 NPV=.93 Negative 1  48 NPV=.97 

 SN=50% SP=93%   SN= 

75% 

SP= 97%  

Test 3 Diabetes   Test 4 Diabetes   

Positive Negative  Positive Negative  

Positive 3  7 PPV=.3 Positive 3 4 PPV=.42 

Negative 7 36 NPV=.83 Negative 4 42 NPV=.91 

 SN=30% SP=83%  SN=42% SP=91%  

Test 5 Diabetes   

Positive Negative    

Positive 3 2 PPV= .6  

Negative 2 46 NPV=.95 

 SN= 60% SP= 95%   

 

Here, Test 1= oral glucose tolerance evaluation test (6 positive); Test 2 = serum biochemistry 

profile evaluation test (glycated haemoglobin; HbA1c %; 4 positive); Test 3= blood glucose 

evaluation test by portable blood glucose measurement device (10 positive), Test 4= 

hematological profile evaluation test (7 positive) and Test 5 = laboratory findings of blood 

and urine (5 positive); SN= sensitivity; SP= specificity; PPV= positive predict value and 

NPV= negative predict value. 

4.7 Histopathological effect on different organs 

Histopathological studies found the deleterious effects of diabetes in a variety of organs 

especially pancreas, liver, small intestine and large intestine of the diabetic dog. 

In pancreas, there were found reduction in the number and size of pancreatic islet together 

with degenerative change, hyalinisation or vacuolization was observed (Figure 5). 

RESULTS
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In addition, the presence of other changes including atypical acinar cell lobules, acini with 

inspissated secretions, ductular alterations (e.g., epithelial hyperplasia, ductular dilation and 

inflammation) was also noted. Suppurative inflammation on pancreas of a diabetic dog, there 

was infiltration of neutrophils within the pancreatic parenchyma or the surrounding peri-

pancreatic adipose tissue. Pancreatic necrosis was found. Lymphocytic infiltration principally 

within the pancreatic parenchyma or the periductular interstitial tissues was noted. Fibrous 

connective tissue (fibrosis) was incresed within the pancreatic parenchyma (Figure 5). 

In liver, Cellular infiltration and fatty deposition in diabetic dog was observed increased in 

normal compared to the healthy dogs (Figure 6). Nuclear vacuolation and fibrosis was 

observed in the liver of diabetic dogs (Figure 6). 

In kidney, structural changes of glomerulus, destruction of the tubules and fatty deposition 

was observed (Figure 7). 

Histologically, atrophic intestinal mucosa was observed where thicker, reduced villi, stromal 

infiltration were found (Figure 8 and 9). The length of intestinal villus mucosa was observed 

shorter (1.1 mm) in diabetic dog compared to normal healthy dog (1.5 mm). 
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PICTURE GALLARY OF HISTOPATHOLOGICAL FINDINGS 

 

Diabetic dog                                               Control dog 

 

Figure 5: Histopathological effect on pancreas of a diabetic dog (left column) compared with  

control dog (right column) showing APAL – Atypical pancreatic acinar lobule, TPAL – 

Typical pancreatic acinar lobule, FD – Fatty deposition, DPI – degeneration of pancreatic 

Islet, Fb – Fibrosis, Nc – Necrosis, NPI – Normal pancreatic Islet, NPA – Normal pancreatic 

acini  (H&E, 4X and 10X).    
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Diabetic Dog                                     Control Dog 

 

Figure 6: Histopathological effect of liver of a diabetic dog (left column) compared with   

control dog (right column) showing FD – Fatty deposition, Fb – Fibrosis, CI – Cellular 

infiltration, Vc – Vaccuolation, Hc – Hepatocyte, PT – Portal tired (arrows)   (H&E, 10X and 

40X).    
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Diabetic dog                                         Control dog 

 

Figure 7: Histopathological effect of  kidney of a diabetic dog (left column) compared with  

control dog (right column) showing SCG – Structural changes of glomerulus, TD – Tubular 

destruction, FD – Fatty deposition, Gl – glomerulus, Tb – Tubules   (H&E, 10X and 40X).  
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Diabetic Dog                                           Control dog 

 

Figure 8: Histopathological effect of  small intestine (a,b = duodenum; c,d = jejunum) of a 

diabetic dog (left column) compared with  control dog (right column) showing AM – 

Atrophied mucosa, SI – Stromal Infiltration   (H&E, 4X).    

 

 

 

 

 

 

 

 

 

 

 

 

RESULTS



P a g e  | 26 

 

Diabetic dog                                     Control dog 

 

Figure 9: Histopathological effect of large intestine (a = Caecum; b = colon) of a diabetic 

dog (left column) compared with  control dog (right column)  showing AM – Atrophied 

mucosa, SI – Stromal Infiltration   (H&E,4X). 
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Chapter – 5 

Discussion 

5.1 Clinical signs and prevalence of diabetic 

Presence of polyuria, polydipsia, lethargy and weakness in the diagnosed diabetic dogs were 

most reliable clinical signs compared to healthy dog. Those findings were similar with the 

findings of Kennedy et al. (2006); Briggs et al. (2000); Richard et al. (2014); Kumar et al. 

(2014). Unusual body weight loss was noticeable in the diabetic dog in this study and similar 

findings was reported by Greco, 2001; Bennet, 2002; Van de Maele, 2005. On the basis of 

clinical signs, elevated blood glucose parameter and laboratory test findings, the prevalence 

of canine diabetes was 5.76% which was not statistically significant due to small size of 

population. This findings was higher compared to the study reported by Guptill et al., 2003; 

Rand et al., 2004; Davison et al., 2005 and Fall et al., 2007; where they found a prevalence of 

0.32% to 0.64% in middle aged diabetic dogs. In the study of Fracassi et al. (2004), the 

prevalence was found 0.3 % to 1.3 %. Again, the prevalence of canine diabetes has been 

estimated to be anywhere between 0.5% to 1.5% in the study of Mattheeuws et al. 1984  

5.2 Blood glucose in diabetic dog 

The mean blood glucose parameter in diabetic dog which was tested by Portable Blood 

Glucose Measurement Device (PBGMD) was 11.5±0.42 mmol/L. This mean value of blood 

glucose parameter in diabetic dog was similar with the findings of Catchpole et al., 2005; 

Nelson and Reusch, 2014; where they found mean blood glucose value about 11.87±0.22 

mmol/L. The mean blood glucose value observed in this study was also supported by the 

study of Briggs et al., 2000; Casella et al. 2003; Wiedmeyer and DeClue, 2011; where they 

found increased glucose concentrations as 12.6 and 13.9 mmol/l; respectively.  

The mean value of fasting blood glucose and after the start of meal blood glucose were 11.2 

±0.08 mmol/dl and 11.8 ±0.08 mmol/L; respectively. Those mean values were almost similar 

with the study of Briggs et al. 2000 and Richard et al. 2014; where they found the mean value 

of fasting blood glucose 9.7±0.14 mmol/dl and after meal is about 12.15 ±0.29 mmol/L. But 

in the study of Affenzeller et al. 2010; they found a glucose concentration range about 10.5 

mmol/L to 33.3 mmol/L after the meal which made a great variation with the value of present 

study. Actually, a single glucose measurement (BGM) can be performed with a point-of-care 

analyzer or a portable blood glucose measurement (PBGM) device. Evaluating a BGM 

alongside a fructosamine or glycated hemoglobin concentration can help with its 

interpretation. When interpreting a BGM, it is important to know the timing of the dog’s last 

meal and the insulin dose. Bennet (2002) stated that a single measurement may be 
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informative when taken at the time of the nadir. However, this is discouraged by Fleeman and 

Rand (2003), who found a large day-to-day variability in timing of the nadir. Furthermore, a 

single BGM is highly influenced by stress, excitement, fear or aggressiveness, which may 

lead to an unreliable measurement (Bennet, 2002; Fleeman and Rand,  2003, Nelson and 

Couto, 2009). 

In the healthy dogs, they did not have detectable amounts of glucose in the urine and have 

fasting blood glucose concentration usually observed between 3.5 and 6.0 mmol/L (mean 

value; 5.36 ±0.51 mmol/L). Those values were supported by the references values and also 

by the values found by Hess et al., 2000; Peterson et al. 2011; Nelson and Reusch, 2014. 

They found fasting blood glucose concentration between 4.15 to 6.0 mmol/L in healthy dog. 

Again, in oral glucose tolerance evaluation test in studied dogs; plasma glucose level of zero 

hour (10.2 ±0.14 mmol/L) and two hours samples (11.2±0.56 mmol/L) were similar with the 

findings of Ngugi et al. 2012; where they found 12.6±0.18 mmol/dL at two hours samples 

collected. 

5.3 Hematological profile of diabetic dog 

There was a decreased level of total erythrocyte count (7.15±0.13×106 /µl); hemoglobin 

(10.98±0.17 gm/dl) and increased platelet (3.58±0.05 ×105 /µl) in diabetic dogs compared to 

healthy dogs. Those findings was supported with the findings of Feldman, 1983; and Deepa 

et al. 2014; where they found decreased level of total erythrocyte count (7.13±0.37×106 /µl); 

hemoglobin (11.62±0.44 gm/dl) and increased platelet (3.70±0.39 ×105 /µl). Both findings 

were almost similar. The decrease in PCV, RBC and haemoglobin concentration might be 

due to the inflammatory process seen in diabetic condition. The activities of pro-

inflammatory cytokines especially, interleukin-6 and tumor necrosis factor alpha have been 

reported to be contributors of anaemia of inflammatory diseases. Tumor necrosis factor (NF-

α) contributes to anaemia of inflammatory diseases by inhibiting erythropoietin secretion and 

/or response along with direct toxicity on the erythroid precursor cells (Chikazawa and 

Dunning, 2016). 

However there was a significant increase in the total leucocyte count (10.48±0.32×103 /µl) 

and packed cell volume (38.6±0.37%) in the diabetic group when compared to healthy group. 

Those findings were more or less similar with the study of Lee et al. 2004; Prathaban, 1990; 

where they found significant increase in the total leucocyte count (10.73±1.01×10
3 

/µl) but 

decreased level of packed cell volume (39.89±1.57%).  Leukocytes may be activated through 

the release of cytokines, such as TNF-α (Shanmugam et al., 2003), transforming growth 

factor-1 (Korpinen et al., 2001), superoxide (Kedziora-Kornatowska, 1999). Kozlov et al. 
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(1995) reported that diabetes was accompanied by moderate neutrophilic leukocytosis and 

prolonged circulation times of neutrophils and monocytes, and a shortened circulation time of 

lymphocytes, which increases the susceptibility to infection. The raised leukocyte count may 

also reflect low-grade inflammation. 

In control group (healthy dogs), leucocytes count (TEC), total leucocyte count (TLC), 

Platelets count, hemoglobin and packed cell volume (PCV) were 8.22±0.15×106 /µl; 

5.3±0.18×103 /µl; 3.06±0.11×105 /µl; 14.12±1.17 g/dl and 49.73±0.90 %; respectively. 

Those findings were similar with the references value and almost similar with the previous 

findings of Feldman, 1983; and Deepa et al. 2014; where leucocyte count (TEC), total 

leucocyte count (TLC), platelet count, hemoglobin and packed cell volume (PCV) were 8.06 

± 0.46×10
6
 /µl; 4.92 ± 0.55×10

3
 /µl; 3.09 ± 0.29×10

5
 /µl; 12.52 ± 0.67 g/dl and 46.55 ± 2.95 

%; respectively.  

5.4 Serum biochemical profile of diabetic dog 

There was an increased level of ALT (143.38±2.66 IU/L), triglycerides (84.78±0.55 mg/dl), 

and decreased total plasma protein (5.98±0.17 gm/dl) concentration in diabetic dogs 

compared with control healthy dogs. The above finding is in agreement with Sattar et al. 

2007; and Doxey et al. 1985; where they found increased level of ALT (148.43 ± 35.17 

IU/L), triglycerides (85 ± 12.66 mg/dl). Specific elevations in ALT and triglycerides may 

suggest hepatic fat accumulation as a potential contributing factor for conversion to diabetes 

in humans. According to the findings of Sattar et al. 2007; if ALT increases and stays high, 

then there is an association with diabetes risk. In this study, the elevated level of ALT, might 

be due to hepatic cellular damage leading to leakage of this enzyme into the circulation. The 

decrease in total plasma protein concentration might be due to degenerative changes in the 

liver. This decrease could have resulted from dehydration. 

There was an increased level of total cholesterol (237.68±0.43 mg/dl) concentration in 

diabetic dogs compared with control healthy dogs. This finding was supported by the findings 

of Doxey et al. (1985), Hess et al. (2000) & Nelson and Reusch (2014). According to the 

findings of Wilkinson, 1960; cholesterol levels are indicative of the chronicity and severity of 

the disease with values ranging from 300 mg /dl in early cases to 900 mg /dl in more 

advanced diabetes. 

Creatinine (1.25±0.19 mg/dl) was observed to be higher in diabetic dogs than healthy dogs 

(0.93±0.02 mg/dl). This increase in levels of creatinine seen in this study is suggestive of 

kidney damage which could be due to the cytotoxic effect as reported by Valilou et al., 

(2007) as well as low kidney perfusion as a result of anaemia. 
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The increase of glycated haemoglobin (9.51±0.31%) levels in diabetic dogs in the present 

study when compared to healthy dogs (5.2±0.28%) are also supported by with the findings of 

Prathaban et al. 1990 and Deepa et al. 2014. In the study of Prathaban et al. 1990; the normal 

value of glycated hemoglobin (GHb) in healthy dogs was found 6.68 ± 0.37%. The glycated 

hemoglobin concentration was found to be significantly elevated in the diabetic dogs ranging 

from 9.6 to 11.4% in this study; which is in agreement with findings of Deepa et al. 2014. 

They found that diabetic dogs have 9.98% mean HbA1c value. The significantly elevated 

levels of glycated hemoglobin values have also been recorded by other authors like 

Hasegawa et al. 1991; Haberer and Reusch, 1998 and Marca et al. 2000. 

In the control group (non-diabetic healthy dogs), the level of ALT, cholesterol, triglycerides, 

Total plasma protein, glycated haemoglobin were 32.95±0.96 IU/L; 116.12±2.86 gm/dl; 

64.41±1.18 gm/dl; 6.53±0.28 gm/dl; 5.2±0.28%; respectively. Those findings were supported 

by the references values and also by Prathaban et al. 1990; Hasegawa et al. 1991;  Marca et 

al. 2000 and Deepa et al. 2014. 

5.5 Reliable diagnostic technique 

The most reliable clinical signs were the presence of polyuria, polydipsia, lethargy, weakness 

and unusual body weight loss of the studied dog. Those clinical signs were often suggestive 

and the diagnosis of diabetes in dogs was readily confirmed by simple diagnostic tests. Single 

glucose measurement (BGM) was performed by the portable blood glucose measurement 

(PBGM) device which has given the values of blood glucose concentration. This single BGM 

is highly influenced by stress, excitement, fear or aggressiveness, which may lead to an 

unreliable measurement.  

The decrease in PCV, RBC and haemoglobin concentration might be due to the inflammatory 

process seen in diabetic condition. The activities of proinflammatory cytokines especially, 

interleukin-6 and tumor necrosis factor alpha have been reported to be contributors of anemia 

of inflammatory diseases. But, anemia may occur due to different causes and different 

diseases condition. The activities of ALT and higher AST indicates hepatocytes damage 

which must have resulted from the inflammatory process in hyperglycaemic conditions. The 

significant correlation observed in healthy dogs and diabetic dogs between glucose and 

glycated hemoglobin. The glycated hemoglobin assays are able to detect chronic changes of 

blood glucose concentrations in dogs and has a positive correlation with glycemia, mainly in 

hyperglycemic dogs. Thus, HbA1c may be considered as a screening test for diabetes 

mellitus in dogs provided each laboratory establishes its own standards and with similar 

analytical procedures. Serum biochemistry profile evaluation test (glycated haemoglobin; 

DISCUSSION 
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HbA1c %) showed higher sensitivity (75%) compare to others test and concluded that dog 

with diabetes were not missed with this test. As the glycated hemoglobin analysis is easily 

available, cost effective, can be estimated with available human kits and is least affected by 

acute physiological alterations, it was found to be useful as one of the valuable biomarkers 

for diagnosis of diabetes in dogs. 

5.6 Histopathological effect on different organs of diabetic dog 

There were found reduction in the number and size of pancreatic islet together with 

degeneration, hyalinisation or vacuolization compared to the pancreas structure of healthy 

dog. In addition, the presence of other changes including atypical acinar cell nodules, acini 

with inspissated secretions, ductular alterations was also noted. Those findings were 

supported by the findings of Catchpole et al. 2005 and Watson et al. 2007. The significant 

changes in the pancreatic structure have also been recorded by other authors like Ling et al. 

1977 and Gepts & Toussaint 1967. In their study, diabetic dogs have shown a reduced 

number or total absence of islets, together with degeneration, hyalinisation or vacuolisation. 

According to Alejandro et al. 1988; the diabetic dogs in their study had lymphocytic 

infiltration associated with islets (insulitis) and that some dogs displayed extensive exocrine 

pancreatic damage.  

In liver, there were found cellular infiltration and fatty deposition in diabetic dog compared to 

the healthy dogs. There was also found nuclear vacuolation, fibrosis in the liver of diabetic 

dogs. The above finding was in agreement with Alberti et al. 2003 and Holstein et al. 2002; 

where they found cellular infiltration and fatty deposition in the liver of diabetic dog. 

There were found the structural changes of glomerulus, destruction of the tubules and fatty 

deposition in kidney of a diabetic dog which were similar with the findings of Alberti et al. 

2003 

Intestinal mucosa was found atrophied, thicke. Numbers of villi were reduced, stromal 

infiltration in a diabetic dog was obtained. The villus length of intestinal mucosa was shorter 

(1.1 mm) in diabetic dog compared to healthy dog (1.5 mm). The above finding was in 

agreement with Alberti et al. 2003 and Holstein et al. 2002; where they found atrophied, 

thicker, reduced villi in intestine of diabetic dogs. 
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  Chapter - 6 

 Conclusion 

Now- a-days, dog become popular pet animal in Bangladesh. The owners are more conscious 

regarding the health status of their dog than the owners of the others pet animals. Among 

metabolic diseases, diabetes mellitus are common in dog. The deleterious effects of the 

disease are related with behavior of the dogs and normal function of vital organ system.  

Therefore, determinations of diabetic status of the dog are important for proper treatment, 

care and management. In this study, the reliable diagnostic technique (glycated haemoglobin; 

HbA1c %) might be useful to clinician for effective diagnosis of canine diabetes and 

histopathology of different organs might provide knowledge about deleterious effects on 

organs due to diabetes mellitus.  
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Chapter – 7 

Recommendations and future perspectives 

Finding of the result would be useful to the clinician for effective diagnosis of canine 

diabetes. The study would be continuing further in a wide range of population with long time 

for the better understanding of the disease. 
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Appendix 

Questionnaire for data collection of a diabetic suspected dog 

 

Owner’s name: ……………………………………. Date: …………………………………. 

Address: ……………………………………………………………………………………… 

Owner’s mobile number: ……………………………………………………………………. 

 

Information about the dog: 

a) Breed: ……………………………… b) Age of dog: ………………………………. 

c) Sex: ………………………………… d) Body weight: …………………………….. 

 

General health: 

a) Dog health is: Excellent/ Very good/ Good/ Fair/ Poor 

b) Symptoms:  

1. Fatigue in the past 2 weeks: ……………………………………………………. 

2. Shortness of breat in the past 2 weeks: ………………………………………… 

3. Increase thirst?  ……………………………….….. No/ Yes/ Don’t know 

4. Decrease appetite? ……………………….………. No/ Yes/ Don’t know 

5. Nausea or vomiting? …………………………….. No/ Yes/ Don’t know 

6. Abdominal pain? ………………………………… No/ Yes/ Don’t know 

7. Frequent urination at night? ( 3 or more times)….. No/ Yes/ Don’t know 

 

Diabetes history: (If tested before) 

a) Year/ age of diabetes diagnosis: …………………………………………………….. 

b) Types of diabetes: Type I/ Type II/ Pre-diabetes/ Gestational/ Don’t know 

c) Any weight changes (up or down)?  Yes/ No 

If yes, please explain: ……………………………………………………................ 

d) Take care or management of diabetes? Yes/ No 

If yes, how long ago? ………………………………………………………………. 

Checking blood glucose: 

a) Blood sugar range: …………………………………………………………………. 

b) How often? i. Once a day ii. 2 or more/day iii. 1 or more/week iv. Occasionally 

c) When: i. before meal ii. 2 hours after meal iii. Night time 

Meal plan: 
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a) Meal plan for a dog: Yes/ No.  

If yes, please describe: ………………………………………………………………… 

b) About how aften do you use this meal plan for your dog? Never/ seldom/ sometimes/ 

usually/ always  

c) Do you have any dietary restrictions for your dog? Salt/ fat/ fluid/ none/ other 

d) Sample of dog meals for a typical day: 

Time: ………………………. Breakfast: …………………………………………….. 

Time: ………………………. Lunch: ………………………………………………. 

Time: ………………………. Dinner: ……………………………………………….. 

Time: ……………………….. Snack: ……………………………………………….. 

 

Physical activity: 

a) Exercise regularly?  Yes/ No 

b) Type of exercise for your dog: ……………………………………………………… 

c) How often? ………………………………………………………………………….. 

 

Other medical concerns: 

Eyeproblems/ kidney problems/ dental problem/ high blood pressure/ high cholesterol/ sexual 

problems/ depression/ others ………………………………………………………………….. 

…………………………………………………………………………………………………. 

 

Medication: 

a) Any diabetes medication for dog: Yes/ No 

Diabetes pills/ insulin injections/ combination of pills and injections 

b) Others medication? Yes/ No 

List other medications: ……………………………………………………………….. 

………………………………………………………………………………………….. 

…………………………………………………………………………………………. 
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