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INTRODUCTION

The endocrine pancreas is composed of the islets of Langerhans, 
which are dispersed as “small islands” in a “sea” of exocrine-
secreting acinar cells. Within these islets four distinct cell types have 
been identified on the basis of staining properties and morphology: 
•  Alpha cells – secrete glucagon
•  Beta cells – secrete insulin
•  Delta cells – secrete somatostatin
•  F cells – secrete pancreatic polypeptide. 
Dysfunction involving any of these cell lines ultimately results in 
either excess or a deficiency of that respective hormone. In the dog 
and cat, the most common disorder of the endocrine pancreas is 
diabetes mellitus. In cats, diabetes mellitus represents one of the 
most common endocrinopathies. The reported incidence of diabetes 
mellitus in both the dog and cat is between 1:100—1:500.

PATHOPHYSIOLOGY

Diabetes mellitus results from a relative or absolute deficiency of 
insulin secretion by the β-cells. Insulin deficiency, in turn, causes 
decreased tissue utilisation of glucose, amino acids, and fatty 
acids, accelerated hepatic glycogenolysis and gluconeogenesis, and 
hyperglycaemia. As the blood glucose concentration increases, the 
ability of the renal tubular cells to resorb glucose from the glomerular 
ultrafiltrate is exceeded, resulting in glycosuria. Glycosuria creates an 
osmotic diuresis with compensatory polyuria and, in turn, polydipsia. 
Diminished peripheral tissue utilisation of ingested glucose results 
in weight loss as the body attempts to compensate for perceived 
“starvation.”

The interaction of the satiety centre in the ventromedial region 
of the hypothalamus with the feeding centre in the lateral region 
of the hypothalamus is responsible for controlling the amount of 
food ingested. The feeding centre, responsible for evoking eating 
behaviour, continuously functions but can be transiently inhibited by 
the satiety centre after food ingestion. The amount of glucose entering 
the cells in the satiety centre directly affects the feeling of hunger: 
the more glucose that enters these cells, the less the feeling of hunger 
and vice versa. The ability of glucose to enter the cells in the satiety 
centre is mediated by insulin. In diabetics with a relative or absolute 
lack of insulin, glucose does not enter satiety centre cells, resulting in 
failure to inhibit the feeding centre. Thus, these individuals become 
polyphagic despite hyperglycaemia.

The four classic signs of diabetes mellitus are polyuria, polydipsia, 
polyphagia, and weight loss. The severity of these signs is directly 
related to the severity of hyperglycaemia. Unfortunately, some 

dogs are not identified as having signs of disease, resulting in the 
development of diabetic ketoacidosis, which is a systemic sign of 
illness, and potentially life-threatening derangements in fluid and 
acid-base balance. Ketoacidosis develops as the production of ketone 
bodies increases to compensate for underutilisation of blood glucose.

GLUCOSE TOXICITY

To counteract the potential development of glucose toxicity, 
treatment of diabetes mellitus should be initiated as soon as possible 
after diagnosis, especially in cats. Glucose toxicity is defined as 
impaired insulin secretion from β-cells as a result of prolonged 
hyperglycaemia. Suppression of β-cells is initially reversible but once 
structural changes develop, it becomes irreversible. Good glycaemic 
control reverses the effect of glucose toxicity on β-cells and increases 
the chance of remission of diabetes, especially in cats.

AETIOLOGY — DOG

The most common clinically recognised form of diabetes mellitus 
in the dog is insulin-dependent diabetes mellitus. Insulin-dependent 
diabetes mellitus is characterised by permanent hypoinsulinaemia and 
an absolute necessity for exogenous insulin to maintain glycaemic 
control. The aetiology has been poorly characterised in dogs but 
is undoubtedly multifactorial. Common histologic abnormalities 
in dogs include a reduction in the number and size of pancreatic 
islets, a decrease in the number of β-cells within islets, and β-cells 
vacuolation and degeneration. In some dogs, an extreme form of the 
disease may occur, represented by a congenital absolute deficiency of 
β-cells and pancreatic islet hypoplasia or aplasia. Less severe changes 
of pancreatic islets and β-cells may predispose the adult dog to 
diabetes mellitus after it has been exposed to environmental factors, 
such as insulin-antagonistic diseases, drugs, obesity, and pancreatitis. 
Environmental factors may induce β-cell degeneration secondary to 
chronic insulin resistance or may cause release of β-cells proteins, 
which induce immune-mediated destruction of the islets. Immune-
mediated insulitis has been described and antibodies directed against 
the β-cells and intracellular glutamic acid decarboxylase (GAD) 
has been identified in diabetic dogs. The presence of circulating 
autoantibodies against insulin, the β-cell, and/or GAD usually 
precedes the development of hyperglycaemia or clinical signs in 
type 1 diabetic people. A similar sequence of events may also occur 
in dogs. Loss of β-cell function is irreversible in dogs, and lifelong 
insulin therapy is mandatory to maintain glycaemic control.

AETIOLOGY — CAT

Besides the aetiological factors described for dogs, acromegaly 
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appears to be an important trigger factor for feline diabetes. 
Acromegaly is caused by abnormal growth hormone secretion from 
a pituitary tumour. Most cats with acromegaly develop glucose 
intolerance and diabetes from profound insulin resistance caused 
by growth hormone excess. Growth hormone exerts its effects 
through stimulation of insulin growth factor 1 (IGF-1) production 
by the liver. IGF-1 is elevated in some diabetic cats without overt 
signs of acromegaly. A recent study that examined diabetic cats with 
high levels of IGF-1 showed a high prevalence of acromegaly: in 
a group of 184 diabetic cats 59 (32%) cats had serum IGF-1 levels 
compatible with acromegaly. Thus it would appear that acromegaly, 
which has historically been considered a rare aetiology of diabetes in 
cats, might not be as uncommon as previously thought.

MANAGEMENT OF UNCOMPLICATED DIABETES 
MELLITUS

In all newly diagnosed diabetic animals, correction of underlying 
predisposing factors may result in resolution of clinical signs and 
indeed result in no longer requiring insulin or oral hypoglycaemic 
therapy. For instance in cats, if megestrol acetate is suspected to 
be the cause of the diabetes, withdrawal of this medication may be 
sufficient to ameliorate glucose intolerance and clinical signs of 
diabetes. Additionally, some obese diabetics may initially require 
insulin injections but requirement may diminish or cease when their 
body weight normalises.
Oral hypoglycaemic drugs
Diabetic animals with normal or elevated plasma insulin levels may 
benefit from oral hypoglycaemic therapy. Although the majority of 
diabetic cats and dogs require insulin injections, oral hypoglycaemic 
drugs occasionally may be effective for non-insulin dependent 
dogs and can be more frequently effective in diabetic cats. Oral 
hypoglycaemic drugs improve glucose tolerance by increasing the 
rate and amount of insulin released as well as increasing peripheral 
insulin sensitivity, but they may accelerate β-cell exhaustion, 
resulting in earlier insulin requirement.

The drugs of choice are glipizide and glibenclamide. In the cat the 
dose is generally 5 mg bid—tid while in the dog 0.2—0.5 mg/kg 
bid may be effective. If these drugs are going to improve glucose 
intolerance, they generally have significantly lowered fasting 
hyperglycaemia within 10—14 days.

Insulin
There are a number of insulin preparations available that differ in 
rate of absorption and duration of effect. In addition the species of 
origin and the insulin’s physico-chemical characteristics may affect 
its performance in the patient. Probably the most important criteria 
in selecting insulin is familiarity with the product. The overall 
aim of insulin therapy is to administer the insulin so that peak 
activity corresponds to peak demand – when blood glucose is rising 
after eating. The aim of insulin therapy is to lower blood glucose 
concentration over a 24-hour period and to minimise fluctuations.

Short-acting insulin
Actraphane® or Novorapid® – used mainly in the management of 
diabetic ketoacidosis and can be given by any route (SC, IM or IV). 
It has a rapid onset of action (minutes) and a short duration of effect 
(hours) and is very potent.

Intermediate-acting insulin
Humulin® and Protophane® – used mainly in the management 
of canine diabetes bid and given subcutaneously. They have an 
intermediate duration of effect (6—8 hours) and are moderately 
potent.

Long—acting insulin
Ultratard® – occasionally used in the management of feline diabetes. 
It has a long duration of effect (12—18 hours) and is the least potent 
of all the insulins.

Long-acting insulin analogs
Glargine (Lantus®) – most frequently used long-acting insulin 
analog in the cat with a duration of action ranging from 12—24 hours 
(mean 22) and a glucose nadir occurring between 10—24 hours 
(mean 14 hours). Although glargine is efficacious for the treatment of 
feline diabetes, its use in diabetic dogs is limited.
Detemir (Levemir®) – investigated in healthy cats in which the 
peak effect was more predictable than with glargine and the duration 
longer in some cats.

Veterinary insulin
Caninsulin® – intermediate-acting insulin in the cat (usually needing 
bid administration) and longer acting insulin in the dog (can be oid, 
although most dogs will require bid administration).

Different species of insulin
Human insulins are either porcine, bovine or recombinant human 
with dogs generally responding better to porcine insulin and cats to 
bovine insulin. Recombinant human technology is gaining popularity, 
however.

Which insulin?
In the dog intermediate insulin is the initial insulin of choice whereas 
in the cat the insulin of choice is glargine. Insulin is given bid with 
food and a starting dose of around 0.5 IU /kg per dose, and only 
adjusted after 7—10 days based on a glucose curve. The dose will 
need adjustment if there is on-going PuPd and polyphagia.

Insulin pens
Insulin pens are designed to be used by people who have no formal 
medical training with the goal of making the task of measuring and 
administering insulin doses easier, less painful, and more accurate 
and precise. They can provide the same benefit for diabetic animals 
and their owners. Most insulin-dosing pens allow administration of 
doses in 1 U increments and are much more accurate and precise than 
insulin syringes for small doses. 

A veterinary-specific pen is currently available overseas — 
Caninsulin® VetPen®.

Prior to being used the pen should be stored in the refrigerator. Once 
opened and in use, however, the pen does not have to be refrigerated, 
but can be kept at room temperature away from direct heat and light. 
Before each use, the pen needs to be primed until a stream of insulin 
appears. During injection, the needle must be left in the skin for 
several seconds while the injection button is held down. When the 
needle is removed after injection, it is normal for there to be a drop of 
insulin visible on the tip of the needle.

Duration of action
The most important point to appreciate about insulin therapy is 
that the time of onset, time of peak effect and duration of action 
will vary from animal to animal and indeed from day to day. In the 
majority of cases all insulins will require dosing twice a day. While 
recommendations can be made on the average time of peak effect 
and duration of action, there will be a group of patients who will not 
respond like the majority of animals.

Site of injection
A frequently neglected area of diabetic therapy is the injection site. 
Areas that are subject to variations in movement and stretching 
should be avoided as mobile body parts (limbs) can allow for faster 
absorption. The intra-muscular route also allows for faster absorption 
compared to the subcutaneous route.

Other variables affecting insulin absorption
The larger the dose, the longer the absorption time and duration 
of action. Insulin will be absorbed faster in warmer environments 
because of increased peripheral blood supply. Although not 
reported in animals, in rare cases human diabetics have increased 
subcutaneous tissue protease activity and therefore cannot benefit 
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from subcutaneous insulin injections.

FEEDING

The diet must be consistent with the animal consuming the same 
caloric intake morning and night and from day to day. The food 
should be controlled and consistent:

•  Commercial dry foods are a convenient food type for diabetics  
 as their caloric content is relatively predictable and consistent.  
 They may not be attractive to all patients, however, particularly if  
 they have not been a traditional part of the animal’s diet.
•  Semi-moist foods should be avoided as they often contain sugar  
 and have been associated with problems in regulating insulin  
 treatment.
•  When using relatively short duration insulins it is vital that  
 all the offered food is consumed within a short space of time. In  
 other words, caloric content and palatability are equally important.  
 As a result, some diabetic dogs and cats need to be stabilised on  
 standardised portions of their usual diets.
•  Whatever the form of the calories fed to the diabetic patient, the  
 timing and the caloric content must remain consistent. Any  
 changes in the dog’s diet can only be made if the overall caloric  
 content remains unchanged.
•  No snacks should be provided unless they have virtually no  
 calories.
•  Feed 50—70 kcal/kg.
•  If the animal is underweight, increase caloric intake.
•  If it is overweight, decrease caloric intake.

Fibre
Additional supplementation with high-fibre vegetables or addition of 
soluble fibre supplements to the diet may aid diabetic control. While 
there is some evidence to suggest that diets high in insoluble fibre 
may decrease the rate of postprandial glucose elevation and daily 
insulin requirements, the evidence to suggest that adding fibre to a 
diabetic’s diet is likely to significantly improve poor diabetic control 
is lacking.

Low carbohydrate/high protein diet
Numerous clinical trials have demonstrated improved diabetic 
control and reduced insulin requirements in diabetic cats fed a low 
carbohydrate-high protein diet. Feeding cats commercial diets more 
closely resembling the composition of their natural carnivorous diet 
will increase diabetic remission rates, especially in those cats with 
marked insulin resistance through obesity. 

Fat
A high-fat diet may contribute to impaired insulin secretion and 
efficacy.

EXERCISING 

Generally, exercise has the capacity to lower insulin requirements, 
hence exercise should be consistent and encouraged. As diabetics are 
usually older animals that have been obese due to overfeeding and 
lack of exercise, however, over-exercise is not usually a problem.

Exercise-associated hypoglycaemia
Exercised muscle is less insulin dependent for glucose transport. 
Therefore, the diabetic that is infrequently exposed to exercise will 
be insulin sensitive with exercise. This can be prevented by either 
giving less insulin or more energy substrate at the time that the 
animal is exercised.

TROUBLESHOOTING PERSISTENT HYPERGLYCAEMIA 
IN TREATED DIABETICS

Persistent hyperglycaemia is a frustrating and all too common 
problem in diabetic dogs and cats treated with insulin, with numerous 

factors contributing to poor glucose regulation. Some of these factors 
are related to management, e.g. improper insulin administration, 
while others have a physiological basis, e.g. biologic variability of 
insulin action.

Identifying persistent hyperglycaemia
Diabetic dogs and cats with persistent hyperglycaemia are typically 
classified as poorly regulated diabetics. Owners may report that 
clinical signs of diabetes persist and that the recommended at-home 
treatment is not working as well as expected. Clinical examination 
may reveal findings compatible with diabetes, such as hepatomegaly, 
cataracts, and poor body condition. Poor glycaemic control is 
reflected in the laboratory evaluation as elevated fructosamine levels 
and abnormal glucose curves.

Once a diabetic patient is identified as having persistent 
hyperglycaemia, careful review of the history, clinical examination, 
and current therapeutic protocol may reveal possible causes or 
suggest a possible diagnostic work-up. A sequential approach to 
evaluating persistent hyperglycaemia patients is warranted, bearing 
in mind that problems related to diabetes management are the most 
frequent causes of persistent hyperglycaemia. For this reason, it is 
important to completely rule out problems with the management 
protocol before beginning an extensive investigation to search for 
additional medical problems.

Patient history
It is important to determine whether some factor(s) related to the 
pet’s home environment or daily habits might be responsible for the 
poor diabetes control. In people, glycaemic control can be upset by 
stress or emotional strain as well as seemingly innocuous departures 
from the patient’s ordinary routine, such as unusual exposure to 
sunlight or increased physical activity. Presumably, similar factors 
could affect diabetic control in dogs and cats; so careful questioning 
of the pet’s owner is warranted. Hunting or service dogs, for 
example, might experience increased insulin needs when working. 
Similarly, it is conceivable that a cat with a preference for a particular 
windowsill might absorb insulin more rapidly on sunny days. In 
addition to routine questions about appetite, water consumption, 
urinary and defaecation habits, and general attitude, the owner 
should be questioned about the diet, administration of non-prescribed 
medications or supplements, changes in the home environment or any 
unusual events. Owners often do not realise the importance of these 
factors and will not offer the information unless specifically asked.

Non-prescribed dietary changes, feeding excessive amounts of 
treats or table scraps, and some dietary supplements all have the 
potential to alter daily caloric intake. Some herbal medications have 
been associated with glycaemic dysregulation in people and might 
have the same effects in animals. Self-prescribed medications or 
medications provided by another veterinarian, especially topical 
preparations, may not be seen as problematic by owners. Topical 
ocular or otic medications containing steroids may produce systemic 
effects in some dogs and cats and antagonise diabetes regulation. 
Changes in the home environment or daily routine might also disrupt 
glucose control. Some events are clearly stressors on the patient, 
such as new pets or people in the household, a recent move to a new 
home, recent illness, or surgery. While it is important to consider any 
change in the patient’s environment as potentially contributing to 
persistent hyperglycaemia, it is equally important to resist placing too 
much emphasis on relatively minor changes unless all other causes 
of persistent hyperglycaemia have been thoroughly investigated and 
ruled out.

Treatment protocol
This entails evaluation of all aspects of therapy including the insulin 
protocol, diet therapy, and management of any concurrent illness. 
When evaluating the insulin protocol, it is important to establish 
that the animal is receiving insulin at the prescribed dose and that 
the injection is performed properly. The first step is to confirm that 
the insulin and syringes being used are the prescribed products. 
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Mismatch between the insulin product and the syringe used to 
administer it (e.g. using 100 IU syringes to administer 40 IU insulin) 
is a relatively common error that can lead to profound problems 
with diabetes regulation. Use of non-prescribed, degraded or out-
dated insulin can be potential causes for poor glycaemic control 
and easily remedied. Once insulin type and syringes are ruled 
out as possible sources of error, the owner’s insulin handling and 
injection techniques should be evaluated. This can be accomplished 
by observing the owner draw up and inject the insulin dose. This 
can eliminate gross errors in insulin dosage, improper injection site 
selection (e.g., into adipose tissue), poor patient restraint, and related 
errors.

Glucose curve
If at this point, a cause for the persistent hyperglycaemia has not 
been found, a metabolic basis for persistent hyperglycaemia should 
be considered. Investigation of metabolic causes of persistent 
hyperglycaemia begins with the glucose curve, which will document 
the magnitude and duration of hyperglycaemia over the course of 
the day. The traditional serial glucose curve is useful for monitoring 
blood glucose concentrations over time but recent studies have 
highlighted the low reproducibility of this technique, even when 
performed under ideal conditions. As the technique can yield vastly 
different results, even when performed only 12 hours apart under 
the exact same conditions, care must be taken not to place too much 
weight on a single glucose curve result. Glucose curves are usually 
performed in the hospital. However, techniques for teaching owners 
to generate at-home glucose curves in dogs and cats have also been 
described. Blood samples should be obtained every 1—2 hours 
so that rapid changes in glucose will not go undetected. In most 
circumstances a portable glucometer is adequate, as several models 
have been shown to be accurate in dogs and cats.

Insulin absorption
Delayed insulin absorption may lead to persistent hyperglycaemia. 
Insulin absorption from a subcutaneous site in humans can vary as 
much as 50% from day to day, even if the same insulin, dose, and 
injection site are used. As alluded to earlier, insulin absorption and 
action in humans can also be affected by variations in countless 
factors associated with daily life, including physical exercise, body 
temperature, and emotional state. While there are few studies in dogs 
and cats examining variables that alter insulin absorption and action, 
it is likely that there is a high degree of true day-to-day biologic 
variability as in humans. Biologic variability is distinct from the 
variability introduced by human error and the technology used for 
insulin administration and glucose measurement. Other potential 
causes of delayed insulin absorption include interference by insulin 
antibodies, which develop in response to exogenous insulin, and poor 
blood flow at the site of injection, which can occur when the injection 
is administered in adipose tissue. Anti-insulin antibodies have been 
detected in diabetic dogs and cats but convincing evidence that these 
antibodies interfere with insulin absorption is lacking.

Somogyi reaction
This is characterised as post-hypoglycaemic hyperglycaemia and is 
caused by excessive insulin dosage. The patient typically has an early 
hypoglycaemic reaction followed by hyperglycaemia the following 
morning. Factors playing a role in this are the insulin dose and the 
patient’s counter-regulatory hormones. The solution entails insulin 
dosage reduction by 25—50% and administering insulin twice a day.

Insulin resistance
Insulin resistance is probably the most common metabolic cause 
of persistent hyperglycaemia in dogs and cats but is not a specific 
diagnosis. By its simplest definition, insulin resistance is an 
inadequate biologic response to either endogenous or exogenous 
insulin. Insulin resistance is usually a clinical diagnosis made 
on the basis of persistent hyperglycaemia, an unusually high 
insulin requirement, and the presence of a condition associated 
with insulin resistance. Insulin resistance should be considered if 
persistent hyperglycaemia exists despite an insulin dose >2.2 IU/

kg being needed to control hyperglycaemia. Common causes of 
insulin resistance include obesity, bacterial/fungal infection, and 
concurrent endocrinopathies. Additionally, ketosis, hyperlipidaemia, 
cardiac insufficiency, chronic pancreatitis, renal disease, hepatic 
insufficiency, and neoplasia can potentially lead to insulin resistance 
and poor glycaemic control. Any condition that activates counter-
regulatory hormones (cortisol, catecholamines, and glucagon), such 
as stress, trauma, major surgery, oestrus, and pregnancy, can induce 
an insulin-resistant state. Insulin resistance is best treated by specific 
treatment of the underlying disorders.

Obesity
Obesity is probably the most common cause of mild to severe insulin 
resistance in dogs and cats and has been shown to be associated with 
glucose intolerance. Obesity, hypertension, and insulin resistance 
commonly occur together in people with type 2 diabetes mellitus, 
but this metabolic complex is not well defined in veterinary patients. 
Insulin resistance due to obesity is reversible with sufficient weight 
loss and exercise.

Microbial infection
Secondary bacterial and fungal infections may cause persistent 
hyperglycaemia in diabetic dogs and cats. Infection may occur in 
any tissue but infections of the urinary tract, skin, intervertebral disc, 
cardiac valves, lungs, abdominal organs (especially the liver), and 
reproductive tract are most common in diabetic animals. Whenever 
possible, the organism should be identified by bacterial or fungal 
culture. Treatment with broad-spectrum antibiotics or antifungals 
should be initiated when an infection is suspected and treatment 
adjusted based on culture and sensitivity. Surgery may be required 
when an abscess has formed.

Hyperadrenocorticism
Hyperadrenocorticism is a common cause of persistent 
hyperglycaemia in dogs but is rare in cats. Glucocorticoids can 
exacerbate hyperglycaemia and impair glucose control in diabetic 
dogs and cats via the induction of insulin resistance in target tissues. 
Dogs and cats with hyperadrenocorticism often require very large 
amounts of insulin to maintain reasonable control of glycaemia. The 
diagnosis is made using adrenal testing (ACTH stimulation test, low-
dose-dexamethasone suppression test) with treatment options as for 
non-complicated hyperadrenocorticism.

Acromegaly
Growth hormone excess can exacerbate diabetes and cause persistent 
hyperglycaemia in dogs and cats. Acromegaly causes severe 
insulin resistance, diabetes and persistent hyperglycaemia in cats. 
In dogs, acromegaly typically affects intact females and is caused 
by stimulation of growth hormone secretion from mammary tissue 
by exogenous or exogenous progesterone. Treatment of persistent 
hyperglycaemia due to growth hormone excess is difficult to 
accomplish in cats with pituitary tumours, which may not respond 
well to any therapeutic modality, but can be addressed in dogs by 
ovariohysterectomy or by discontinuation of exogenous progesterone 
treatment.

Thyroid disorders
Hyperthyroidism in cats and hypothyroidism in dogs have 
both been reported to be associated with insulin resistance. 
Cats with hyperthyroidism have fasting hyperinsulinaemia and 
impaired glucose tolerance, suggestive of insulin resistance. The 
pathophysiology underlying insulin resistance in hypothyroidism 
may result from the obesity that develops in affected dogs but 
elevated growth hormone secretion is also known to occur in 
hypothyroid dogs. Treatment involves normalising thyroid function 
and options are the same for non-complicated hyperthyroidism and 
hypothyroidism in non-diabetic cats and dogs, respectively.
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QUESTIONS Select one answer:
                                                                     

1.  Which of the following statements regarding the effects of   
 insulin deficiency on the body is INCORRECT? 
 (a) There is accelerated hepatic glycogenolysis
 (b) There is increased tissue utilisation of fatty acids
 (c) There is decreased tissue utilisation of amino acids
 (d) Hyperglycaemia is evident
 (e) There is increased gluconeogenesis

2.  Which of the following is NOT a typical clinical sign of diabetes 
mellitus?

 (a) Polyuria
 (b) Polydipsia
 (c) Weight gain
 (d) Polyphagia
 (e) Weight loss

3.  Which of the following statements regarding insulin toxicity is 
INCORRECT?

 (a) Treatment should be initiated as soon as possible 
 (b) Remission will occur despite any therapy
 (c) Good glycaemic control reverses the effect of glucose   

 toxicity
 (d) Hyperglycaemia impairs insulin secretion from beta   

 cells 
 (e) Prolonged hyperglycaemia results in irreversible    

 structural changes on the β-cells

4.  Which of the following regarding oral hypoglycaemic drugs is 
INCORRECT?

 (a) They are more effective in the dog than in the cat
 (b) They can accelerate exhaustion of the β-cells
 (c) They increase the rate and amount of insulin released   

 from the β-cell
 (d) They may be effective in diabetic animals with normal   

 or elevated plasma insulin levels
 (e) They increase peripheral insulin sensitivity

5.  Which of the following findings on urine analysis is NOT typical 
of a diabetic animal?

 (a) Hypersthenuria
 (b) Glycosuria
 (c) Ketonuria
 (d) Inappropriate urine specific gravity
 (e) Bacteruria

6.  Which of the following statements regarding exogenous insulin 
therapy is INCORRECT?

 (a) The aim is have the insulin at its peak activity    
 corresponding to peak demand

 (b) The vast majority of dogs will require twice daily   
 administration

 (c) The starting dose should be 0.5 IU/kg twice a day
 (d) After initiating insulin therapy the dose should only be   

 adjusted after 7—10 days
 (e) The insulin of choice for dogs is glargine insulin

7.  Which of the statements regarding feeding the diabetic patient is 
INCORRECT?

 (a) The caloric intake needs to be consistent on a day-to-  
 day basis

 (b) A low carbohydrate-high protein diet is recommended   
 in the cat

 (c) A low fibre diet is recommended in the dog
 (d) The animal should ideally be fed at the time of insulin   

 administration
 (e) An underweight animal should be fed more

8.  Which of the following statements regarding the Somogyi reaction 
is INCORRECT? 

 (a) It is characterised as post-hypoglycaemic    
 hyperglycaemia

 (b) It results from high insulin doses
 (c) It is treated by reducing the insulin dose by up to 50%
 (d) It is treated by reducing the insulin administration to   

 once a day
 (e) It can be easily identified on a serial blood glucose   

 curve

9.  Which of the following is UNLIKELY to occur in a poorly 
controlled diabetic?

 (a) Low serum fructosamine levels
 (b) Glycosuria
 (c) Poor body condition
 (d) Hepatomegaly
 (e) Cataracts

10.  Which of the following hormonal conditions is UNLIKELY to 
result in insulin resistance? 

 (a) Hypothyroidism
 (b) Hyperadrenocortism
 (c) Hyperthyroidism
 (d) Hypoadrenocortism
 (e) Acromegaly
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Abstract
 
Animune is a Brazilian complex homeopathic medication produced from Aconitum, Thuya, Bryonia, Lachesis and Arsenicum. Previous 
studies demonstrated that Animune induces up-regulation in numbers of leukocytes. The bone marrow microenvironment is 
composed of growth factors, stromal cells, extracellular matrix, and progenitor cells that differentiate into mature blood cells. As it is 
the major site of blood cell formation, we studied in vitro Animune effects on bone marrow cells of mice. Swiss mouse femurs were 
dissected, cleaned, and the marrow was flushed. The cells were plated, treated or not, incubated for different times and processed 
for light, scanning electron, and confocal microscopy, and also flow cytometry. The treatment did not modify the expression of the 
analyzed surface markers or cytokine production. All microscopy techniques showed that a monocytic lineage (CD11bþ) and stromal 
cells (adherent cells) were activated by treatment. Animune also increased cell clusters over adherent cells, suggesting proliferation 
areas.
  2006 International Federation for Cell Biology. Published by Elsevier Ltd. All rights reserved.
 
Introduction
 
The medullar cavity of long bones and the interstices between trabeculae of spongy bones house the soft, gelatinous, highly vascular, 
and cellular tissue known as marrow. It has a unique anatomic structure that allows survival, proliferation, and differentiation of 
progenitor cells. Marrow stromal cells, extracellular matrix, growth factors and progenitors cells (which differentiate into mature 
blood cells) constitute this microenvironment (Kondo et al., 2003). This system allows inter- actions between stromal cells and 
haematopoietic stem cells (HSCs) (Haylock et al., 1994). This interaction is dependent, at least in part, on direct cell-to-cell contact or 
cellular adhesion to extracellular matrix proteins (Paul et al., 1991; Kameoka et al., 1995). 
The adherent microenvironment of long term murine bone marrow cultures is an extensive extracellular network of collagen, 
glycoproteins, fibronectin, and laminin, as well as the cellular stroma, including endothelial cells, macrophages, fibroblasts, adipocytes 
and reticular cells (Zuckerman and Wicha, 1983). The stromal cells may provide a microenvironment adequate for rapid expansion 
of the progenitor cells or by preventing apoptotic cell death of the progenitors (Kameoka et al., 1995). The establishment and 
maintenance of the extra- cellular matrix correlates with the production of haematopoietic cells in long-term murine bone marrow 
culture. According to Zuckerman and Wicha (1983), the extracellular matrix is essential for maintenance of in vitro haematopoiesis.
HSCs are defined as cells that are capable of both self- renewal and multilineage reconstitution of the haematopoietic system 
(Domen and Weissman, 1999). They have the capacity to circulate in the blood and can colonize irradiated haematopoietic tissue (De 
Gowin and Gibson, 1976). These cells are able to form the myeloid blood cellular lineages (granulocytes, monocytes/macrophages), 
erythroid (erythrocytes and mega- karyocytes), and lymphoid (plasmocytes, T cells, B cells and NK cells) (Katsura, 2002). Development 
of these cells requires adhesion of haematopoietic stem cells and progenitors to the stromal cells and extracellular matrix in the 
haematopoietic microenvironment (Yanai et al., 1994; Koenigsmann et al.,1992). In normal steady-state haematopoiesis, the adhesion 
events probably function both to retain primitive progenitor cells within the marrow and to regulate and organize differentiation of 
lineage-committed progenitors and cells, and release their mature progeny from the marrow (Koenigsmann et al.,1992; Simmons et 
al., 1992).
Animune is a Brazilian complex homeopathic medicine, used as an immune modulator. Previous studies demonstrated that Animune 
activates macrophages both in vivo and in vitro. Tumor Necrosis Factor-a (TNFa) in vitro production was significantly diminished 
(Piemonte and Buchi, 2002). NAD(P)H oxidase activity was increased as well as that of inducible nitric oxide synthase (iNOS), 
consequently producing reactive oxygen species (ROS) and  nitric  oxide (NO), respectively, (De Oliveira et al., 2006). Animune 
stimulated an increase of the endosomal/lysosomal system  and  increased  phagocytic activity of macrophages of non-infective 
microorganisms (Saccharomyces cerevisiae and Trypanosoma cruzi epimasti- gotes) (Lopes et al., 2006). Animune modulatory effects 
were also observed in experimental infection both in vivo and in vitro by Leishmania amazonensis, controlling infection progression 
and limiting its dissemination (Pereira et al., 2005). Sarcoma 180-bearing mice treated with Animune had a reduction in sarcoma size 
and a significant infiltration of lymphoid cells, granulation tissue, and fibrosis surrounding the tumor.
Animune enhanced CD4þ   T cells in the untreated group and increased both B and NK cells in S180-treated groups (Sato et al., 2005). 
Moreover, it was neither toxic nor mutagenic (Seligmann et al., 2003).
As Animune has no side effects and regulates host defence, it may potentially be used to increase the number of macrophages as a 
therapeutic  drug, which is less toxic  than  are some reagents, such as M-CSF, or be used as a useful adjuvant or a complementary 
therapy. With this assay we evaluated the effects of Animune treatment on mouse bone marrow cells. We have determined whether 
Animune can promote the differentiation,  proliferation,  and/or  survival  of  mouse  bone  marrow cells, thereby increasing the 
overall quantity of these cells in vitro.

http://www.natura-vetmed.co.za/science/

Activation of Bone Marrow and 
Macrophage cells treated with 

Animune in vitro



2014 NOMINATIONS FOR 
DIRECTORS OF THE SOUTH AFRICAN 

VETERINARY ASSOCIATION 
2014 BENOEMINGS VIR DIREKTEURE 

VAN DIE SUID-AFRIKAANSE 
VETERINÊRE VERENIGING

Ooreenkomstig die Akte van Oprigting van die SAVV word nominasies 

vir bogenoemde ampte vir die die tydperk 2014–2017 ingewag.  

   

As gevolg van haar bedanking, het die ampstermyn van die volgende 

direkteur verval: Me  Christelle Fourie

Daar is een (1) vakature waarvoor nominasies ingewag word.

Dr Paul van Dam is intussen deur die Direksie gekoöpteer.

Nominasie-vorms is beskikbaar by Vethuis of op die SAVV se   

webblad.

Let asb op dat die vorm deur die genomineerde,  voorsteller 

en sekondant onderteken moet word.  Besonderhede van die 

genomineerde se professionele loopbaan sowel as sy / haar 

betrokkenheid by die SAVV en die veterinêre professie moet asseblief 

by wyse van ŉ kort aangehegte curriculum vitae verskaf word.   Sou 

daar ‘n verkiesing wees, sal daar óf per stembrief (verkrygbaar van die 

SAVV) óf elektronies gestem word.

In terms of the Memorandum of Incorporation of the SAVA, 

nominations for the above positions for the period 2014-2017 are 

awaited.     

Due to her resignation, the term of office of the following director has 

expired: Ms Christelle Fourie  

There is one (1) vacancy for which nominations are awaited. 

 

Dr Paul van Dam was coopted by the Board of Directors in the 

interim.  

Nomination forms are available at Vethouse or on the SAVA website. 

Ensure that the form is signed by the nominee, proposer and seconder. 

Nominations must please include a short curriculum vitae giving 

information on the nominee’s professional career as well as his / her 

involvement in the SAVA and veterinary profession. Should there be 

an election, voting will be either by ballot paper (obtainable from the 

SAVA) or electronically.

   www.sava.co.za

   username: savets  /  

   password: savets

CLOSING DATE FOR NOMINATIONS 30 MAY 2014  

SLUITINGSDATUM VIR NOMINASIES 30 MAY 2014

Contact / Kontak: Elize Nicholas 

elize@sava.co.za 

Tel: 012-346 1150

ANIMUNE	  is	  a	  Homeopathic	  medicine	  that	  balances	  the	  organic	  
defences	  of	  the	  animal	  by	  ac5va5ng	  macrophage	  cells,	  induces	  
an	  increase	  in	  the	  number	  of	  leukocytes	  and	  improves	  the	  
immune	  response.	  	  
ANIMUNE	  is	  indicated	  as	  a	  complementary	  homeopathic	  
medicine	  in	  inflammatory	  processes	  in	  animals.	  It	  can	  be	  used	  
as	  adjuvant	  interven5on	  in	  various	  types	  of	  cancer	  or	  to	  prevent	  
bacterial	  or	  virus	  infec5ons.	  It	  can	  be	  used	  in	  any	  situa5on	  that	  
challenges	  the	  immune	  system.	  

Resting macrophage 

Piemonte M.R. and Buchi D.F. Journal of Submicroscopy Cytology 
and Pathology 2002; 3: 255-263. 

Treated macrophage 
Scanning	  Electron	  Microscope	  

A?er	  treatment	  lymphocytes	  
recognised	  tumor	  cells	  

Guimarães	  et	  al.,	  BMC	  Cancer	  2009,	  9:293	  

And	  completely	  destroyed	  them	  

ask@natura-‐vetmed.co.za	  
www.natura-‐vetmed.co.za	  

Tel:	  011	  026	  6658	  
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Registration and Accommodation for WSAVA 2014 will open in March 2013
Abstract Submission Opens:   November 1, 2013
Abstract Submission Deadline:  February 1, 2014  

Early bird registration closes on 1 June 2014


