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ABSTRACT

Diabetes mellitus (DM) is a recurrent trouble found in humans and
animals, especially dogs and cats. Clinical symptoms include
hyperglycemia with glycosuria, and using the documentation of their
persistencefor diagnosis. The insurance that the owners of cats or dogs
have the ability to administer of insulin, perceive the clinical symptoms
of deficiency control DM, and observe of glucose concentrations in
blood, are important steps in the successful management of DM.
Treatment by using insulin twice daily with the diet diversity is very
useful in the management insulin resistance and obesity in dogs. In cats,
the first treatment includes moving to a diet of low-carbohydrates
accompanied by an injection of insulin twice daily. Amnesty rates in cats
can be more than 90%, while in dogs the disease, with the omission of a
bias disorder, is usually life-long. This manuscript aim to detail the
achievable classification, pathogenesis and etiology of impulsive DM in
pet animals and spotlight innovative conducted research in this area.
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Introduction

Diabetes mellitus (DM) is a chronic metabolic
disorder that occurs when of the body's capability
to generate or respond to insulin is defective,
leading to an abnormal carbohydrate metabolism
and increased glucose concentrations in urine and
blood. DM it is the most remarkable and common
metabolic disorder identified in cats and dogs after
humans. The description of clinical characteristics
and diagnosis are barely realized in other large
livestock which are horses, buffalo, cattle, pigs and
other small ruminants [1-3]. An essential clinical
sing of DM is assumed to be the inability of beta
cells to produce enough insulin in body's metabolic
demands. Deceiving onset of DM rely on several
factors: (a) Reduced insulin synthesis, (b) Reduced
insulin sensitivity of targeted cells or organs, and
(c) Exaggerated synthesis of other reliable
hormones that are accountable for inducing DM
[4,5]. Diabetes in a canines and felines recorded a
hospitalization frequency of 0.4 - 1.2%. Typical
medical manifestations of diabetes are weight loss,
polydipsia and polyuria. These remarkable results
appear only when hyperglycemia reaches level by
pass renal threshold of concentrations that lead to
glycosuria, at 220 -270 and 180-220 mg/dL in cats
and dogs, respectively [6].

Classification

The categorization of DM is distinct between small
and large animals, though it shares similarities with
humans. The natural and common kinds of DM are
called insulin-dependent DM (IDDM) (DM type 1)
and non-IDDM (NIDDM) (DM type 2) in animals.
In addition, minor DM type 3, which is a
complexity of insulin antagonism, was established
[7]. This is caused by the destruction of the
pancreatic islets caused by pancreatitis, tumor
evolution and pancreatic necrosis. The metabolic
DM is a distinct preliminary expression of this
form, mainly identified in cats and dogs [2].
Etiology

Type 1 DM is characterized by the collapsing of
beta cells in the pancreas, which is naturally
secondary to autoimmune activity. The outcome is
complete destruction of beta cells which leads to
low insulin production [8].

The etiology of canine type 1 DM is definitely
multifactorial. Genetic susceptibility has been
proposed through familial affiliations, Keeshonds
analysis of ancestry, and studies of genome that
targeted determination of perceptivity and
defensive  major  histocompatibility — complex
haplotypes [9]. Many genes associated with
sensitivity to diabetes in humans were related to
elevated danger of diabetes in dogs. Canine
diabetes is combined with a class 1l major
histocompatibility complex gene, with same
haplotypes and genotypes that are found in the
most sensitive breeds. Additionally, components
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that mediate immunity of diabetes development
have been identified in some dogs [10,11].

In the last ten years, researchers have focused on
canine etiological factors like dog leukocyte
antigen (DLA) which encourages DM, liable
genetic material, auto antibodies, and their
relationships [1,12]. Studies on dogs less than 12
months of age affirmed that the compatible incident
with (pubertal disease) was found to be an unusual
event [13,14]. In addition, about 70% of confirmed
female dog cases proposed that they would be
highly susceptible to DM [7]. Conversely, other
studies affirm that DM may occur at the same rate
in females and males [15].

Generally, canine DM identification While the
natural average is between 7 and 9 years old, DM
can be administered to dogs between the ages of 4
and 18, yielding reliable results [7, 15, 16]. The
common destruction of Langerhans isolates can
mostly be observed in each type of dogs. About
50% of recently diagnosed dogs assumed that beta
cell destruction could be result from auto-
antibodies [17].

The genes associated with inaugurate DM in
humans and canines like genes of tumor necrosis
factor - alpha and gamma (TNF-a , TNF-y),
interleukins include (IL-4, 1L-10, IL-6, IL-12pB),
insulin and type 22 of non-receptor protein tyrosine
phosphatase and their preservative association
joints have been defined [1]. DLA also known
canine important histocompatibility complex gene
is definitely involved in the induction and
provoking of canine DM [2].

In comparison to dogs, DM- type 1 are uncommon
in cats. Lymphocytic pervading insulitis is
considered a marker of an immune-mediated
iliness, which was just mentioned in some cats
[18.

In cats, DM exhibits identical clinical and
pathophysiological features as type-2 DM in
human limited to individual features like obesity,
midsize, and age, accompanied by low insulin
concentration in blood or the assemblage of
amyloids in Langerhans islets with destruction of
beta cells, and lastly results in retinal and
complexes. In the first stage of DM, production of
insulin declines in response to glucose, followed by
a distorted response in the second stage of the
medical condition. Inductance of glucotoxicity,
lipid toxicity and amyloid of Langerhans islets
forcefully are concerned with the beginning and
progression of the DM, specially NIDDM type-2 in
the cats [19-21]. This confirmational models in cats
showed influence of glucose in Langerhans islets
following continued therapy of intraperitoneal
giving of glucose to generate vacuole at cell of
Langerhans which will result in DM [21].
Damaging in the structure and function of beta
cells and targeting insulin tissue could be an
essential goal of treatment of the hyperglycemia to
protect beta cells as well as improve of DM.
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However glucose is accountable for the stimulation
synthesis of insulin via inducing transcription gene
of insulin by phosphorylation of pancreatic and
duodenal homeobox 1 (PDX1) [22,23].

Obesity is the most risky event for the progression
of DM in cats, in addition to others that involve sex
(females are less dangerous than males), physical
lethargy, captivity, old age and the administration
of progestin's along with glucocorticoids.
Experiential studies in cats explained that a median
gain of acquire about (1.9 kg) through consuming
experimentation was related to decline in insulin
perceptivity above 50%. The sensitivity to insulin
varies between individuals and it will be proposed
cats with innately low sensitivity to insulin have an
increased risk of developing resistance after
gaining weight [24]. Tumor necrosis factor (TNF)
was the earliest adipose-derived factor assumed to
describe the relationship between insulin resistance
and obesity noticed in humans with type 2 DM.
TNF has an aggressive negative impact on
signaling of insulin. Hyperglycemia is another
factor, that has a negative effect on function of beta
cells and viability in cats, this condition is called
glucotoxicity, while the term lipotoxicity will be
used to describe the noxious effects of elevated
circulation levels of the free fatty acids on
function of beta cells [25,26].

Type 1 Type 2
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environmental factors constitutional factors
Activation of immune cells 1
Insulin 2
Dotk ot . ‘W:m. }L Insulin resistance
Autoantibodies l
Autoimmune response
\L Beta cell dysregulation
Beta cell destruction Soavice
l Impaired glucose tolerance
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Beta cell deficiency C-peptide 4 4 C-peptide 4, Beta cell insufficiency
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Fig. (1): Pathological events leading to type 1 DM
and type 2 DM [27]

Pathogenesis

The pathological process of DM in cats is proposed
to have a large correlatation to type 2 DM in
humans, including lowered insulin perceptivity as a
main character [28]. Instituted non-changeable risk
aspects for DM in cats and dogs that involve sex,
age and family will be analogous with risk factors
for type 2 DM in humans [7,29]. However, dietary,
obesity and physical activity levels impact the
diabetic risk in both cats and dogs [30,31].

The pathogenicity mechanisms may not be fully
similar, so it can be used as a ‘human model’ to
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supply a guide for confirmation and discrimination
of the different kinds of DM in dogs and cats.
Generally, diabetes in dogs and cats simulates type
2 and type 1 DM in humans, respectively [32].
Type-1 DM: diabetic dogs is defined by an
immortally low level of insulin in blood
(hypoinsulinemia), so there is no elevation in
endogenous serum insulin or C-peptide levels after
administrationof insulin and a complete demand for
the exogenous insulin into conserve control the
ketoacidosis and glycemia [33]. Reducing the size
and number of islets in the pancreas, a decline in
amount of beta cell in the islets, beta cell
decadency and vacillation are the histological
aberrations in dogs. An essential feature of immune
— mediated insulitis is lymphocytic penetration into
the islets [34].The onset of type 1 DM may be
occurred in dogs aged eight (8) years or older.
Diabetes canine seems to be more closely related to
latent autoimmune diabetes in adult human. The
inclination of lymphocytes to have a lot in diabetic
cats compared to control group, when the lesions
of islet are examined (5% of control cats vs. 20%
of diabetic cats ) [35,36].

Type- 2 DM: diabetic cats endure from the type 2-
DM which is heterogeneous illness referable to
association of impaired insulin activity in muscle,
liver, adipose tissue and beta cell deficiency [37].

Diagnosis

The appearance of suitable clinical indications and
insistent glycosuria and hyperglycemia are the
essential steps for diagnosis of diabetes. However,
both hypertriglyceridemia and
hypercholesterolemia are common, whereas
ketoacidosis and ketonuria may evolve when the
owner connot idetify early symptoms or may be
dilatory in searching for veterinary care [38].
Physical examinations could be performed for cats
and dogs with clinical indicators of DM, also full
laboratory experiments such as complete blood
count (CBC), urine culture with analysis, urine
protein: creatinine ratio (UPC), triglyceride (TG),
thyroxine (T4) and blood pressure (BP), which can
be used for diagnosis and to cancel other diseases
[39].

Development glucosuria typically occurs when the
level of glucose in blood transcends (250-300
mg/dL) in cats and (200 mg/dL) in dogs. Clinical
symptoms of diabetes will appear while there is
persistent glycosuria and hyperglycemia [40].
These symptoms are not found when glucose
concentrations spanning through the high reference
concentrations with the values of renal threshold. In
the early stages of non-clinical DM dogs and cats
seem healthy, have a constant weight, and can be
discovered only by routine laboratory examination.
In addition to the above some may present with
inactivity, asthenia, and weak body condition [41].
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The basic estimation standards for the diabetic dog
and cat are [39-41]:

eChecking the common health of the animal
(checking history involves dietary and concurrent
drugs, and a full physical examination).

eDetermine any complexities that could be related
to the disease (e.g. peripheral neuropathy in cats
and cataracts in dogs).

eDetermine any concurrent dilemma generally
linked to the disease (e.g. pancreatitis and infection
of the urinary tract).

eDetermine states that may be interfere with the
patient’s responses to treatment (e.g. kidney
disease, hyperadrenocorticism and
hyperthyroidism).

eEvaluation the risk aspects like pancreatitis,
insulin-resistance, diestrus and obesity in female
dogs.

Commonly detected are glucosuria, hyperglycemia
and stress leukograms in addition to elevated
triglycerides and cholesterol. Dogs continually
exhibit high levels of alanine aminotransferase
(ALT) and alkaline phosphatase (ALP) whereas
Cats, expose more changeability in the stress
leukogram and increased(ALP). In cats, high levels
of enzymes in liver may confirm more assessment
for liver diseases [11]. Pancreatitis is prevailing
concomitant disease and may be require treatment
to have dealt. Diabetic dogs and cats with
ketoacidosis may be exposed to extreme increases
in blood glucose levels, azotemia and decline total
minor carbon dioxide (CO2) due to metabolic
acidosis, dehydration, osmotic diuresis and coma.
Analysis of urine will indicate the presence of
glucose, or protein, ketones, on bacteria, with/
without casts. In animals with glucosurine, a
culture of urine should be applied because infection
is commonly present [13,23].

Treatment

Actually, the options of treatment are the same as
those used in diabetic humans, which involve
insulin injections (twice per day at 12 h
discontinuities), diet conversions, amendment of
obesity, oral hypoglycemic drugs in cats and
physical activity in dogs. The treatment method is
different between cats and dogs, partially, due to
the difference in essential etiology. Generally, the
DM classification in cats and dogs may not follow
the same pattern used in human medicine [6].

In cats, DM management embraces minimal
symptoms via no clinical symptoms, owner acumen
of well lifestyle quality and agreeable drug
responses, delay or development of DM adverse
effects especially, peripheral neuropathy, diabetic
ketoacidosis and delay of hypoglycemia.
Prognosticators of diabetic absolution in cats
involve achieving admirable glycemic control
through six months of diagnosis by deeply
monitoring at home, ceasing anti-insulin drugs, and

41

using insulin detemir (Levemir) or glargine
(Lantus) along with a low-carbohydrate diet. The
best method to manage the diabetic cats to start
insulin therapy with protamine zinc insulin (PZI;
Prozinc) or glargine (Lantus) at an initial dose of
1-2 U/kg q 12 hr [41,42].

In dogs, treatment of clinical DM usually require
insulin therapy. U-40 pork lente (porcine insulin
zinc suspension; Vetsulin) is the Task Force’s best-
choice that can be recommended for dog treatment
using an initiate dose at 0.25 U/kg g 12 hr [43]. The
time of activity is near to 12 hr in many dogs, and
formless constituents of insulin aids that decrease
postprandial hyperglycemia. As in the case with
diabetic cats a clinically ill and ketotic dog should
responds for 24 hr care for advanced treatments of
ketosis and other basic diseases. An essential aim
of therapy is to delay indicative hypoglycemia
which may be occur when the dose of insulin is
strongly elevated [44].

Therapy complications

The frequency or continuation of the clinical
symptoms could be arduous and frustrating for the
owner and for the veterinarian [45]. The activity of
Insulin is wusually due to concerns about the
bioactivity of insulin, storage, or insulin response.
Resistance to insulin should be suspicious when
control of hyperglycemia existed against doses
more than (1.5 - 2.0) 1U/kg per injection [46].
Applicable examinations should be applied
depending on further clinical symptoms or
pathophysiological features. Hypoglycemia is
typical complexity of insulin treatment, and it occur
due to an unexpectedly high elevate in insulin dose
or because of an extreme overlay of time of insulin,
intervals of lack (loss) of appetite or arduous
activities [47]. Symptoms of hypoglycemia involve
inactivity, asthenia, ataxia, paroxysm and coma.
This is a pathphysiological response to
hypoglycemia, where the below glucose in blood
induces increasing glycogenolysis, glucagon,
growth hormone, glucocorticoids and epinephrine).
All  mentioned above, result in a notable
hyperglycemia within 12 hours, lasting for 2-3 days
with the clinical symptoms of the hyperglycaemia.
The continuation of classic clinical symptoms of
DM results in inference that the dogs are not under
control, and negative presumption that the dogs
require to an increasing dose of insulin. Detection
of the Somogyi phenomenon (response) needs
hospitalization and sequential blood glucose. When
the Somogyi phenomenon is appears, the dose
decrease is assured [46]. Exaggerated interference
with insulin duration may elevate hypoglycaemia
risks. It is commonly noticed when the (glucose
lowest point) is occurs 10 hours or more than hours
after the injection. Options of treatment are
minimizing the administration frequence or altering
insulin type with a shorter time of action.
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Managing diabetes in pet animals can be difficult
and frustrating, but with applicable owner training,
monitoring, and appreciation of the variables that
can be managed, diabetes can be controlled in all
diabetic pet animals [44,46].
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