
 

 

 

PIOGLITAZONE 

 

Franklin Illumination Ceremony, 30th November 2013. Every year on 30th November the 

citizens of Franklin Tennessee, honour the 10,000 young lives lost or injured at the Battle 

of Franklin, during the American Civil War, on 30th November, 1864.   

 

“So sad and so stirring....I sat down as women have done before and wept. Oh, the 

bitterness of such weeping! There they go, the gay and gallant few, the last flower of 

Southern manhood. They march with as airy a tread as if they still believed the world was 

on their side, and that there was no Yankee bullets for the unwary...”. 

 

Mary Chesnut  

 

(Mary) “He can stand well enough without his crutch, but he does very slow walking. 

How plainly he spoke out those dreadful words, “My defeat, my discomfiture. My army 

destroyed, my losses. He said he had nobody to blame but himself... 

 



(Jack Preston) Did you notice how he stared in the fire, and the livid spots which came 

out on his face, and the huge drops of perspiration that stood out on his forehead?... 

 

(Mary) Yes, he is going over some bitter hours. He sees Will with his heart shot out. He 

feels the panic at Nashville and its shame.  

 

(Jack Preston) And the dead on the battlefield at Franklin. That agony in his face comes 

again and again. I can’t keep him out of those absent fits....when he looks in the fire and 

forgets me, and seems going through in his own mind the torture of the damned. I get up 

and come out, as I did just now....     

 

Mary Chesnut conversation with Jack Preston on General John Bell Hood,  

War Diary, February 1865.   

 

By the beginning of 1865, the Confederacy was dying. Only the tattered Confederate 

Army of Tennessee remained. Its soldiers, like Sam Watkins, worried more about food 

and blankets and shoes than fighting….. 

 

“We will fight you to the death. Better to die a thousand deaths than submit to live under 

you and your negro allies” 

(General John Bell Hood). 

 

Lacking a leg and the use of one arm, John Bell Hood had to be strapped to the saddle 

each morning, but he fought as hard and as recklessly as ever. Hood and his dwindling 

army now tried to divert Sherman’s attention by moving north to join forces with Nathan 

Bedford Forrest’s cavalry and invade Tennessee. 

 

Sherman was delighted. “If he will go to the Ohio river, I’ll give him rations”, he said. 

“My business is down south”.  

 

Waiting for Hood in Tennessee was a fresh, well-equipped Union army one third again 

as large as Hood's, commanded by George Thomas, “the Rock of Chickamauga”.  

 

At Franklin, Hood ordered a series of thirteen hopeless charges in which twelve 

Confederate generals and 7,000 soldiers were lost, more men than U.S Grant had lost at 

Cold Harbor the year before, more than George McClellan had lost in all the battles of 

the Seven Days in 1862. 

 

Franklin is a horrendous battle, and the flower of the Western Confederate army fell 

there. There’s a strong suspicion that Hood was trying to discipline his army by staging 

that charge, and there’s some truth in it. His army was wrecked. The defeat at Nashville 

is in large part due to what had happened at Franklin a month before.  

(Shelby Foote, Civil War Historian)  

 

At Nashville, George Thomas attacked what was left of Hood’s army.  

 



“My boot was full of blood and my clothing saturated with it. I reached general Hood’s 

headquarters. He was much agitated and affected, pulling his hair with his one hand - he 

had but one - and crying like his heart would break”.  

(Sam Watkins Confederate soldier). 

 

Hood’s army had disintegrated. “I beheld for the first and only time”, he confessed, “a 

Confederate army abandon the field in confusion”.  

 

Hood resigned. 

 

Lee recalled Joe Johnston to active duty and put him in charge of patching together 

whatever Confederate forces remained outside of Virginia.  

 

“We were willing to go anywhere or to follow anyone who would lead us. We were 

anxious to flee, fight, or fortify. I have never seen an army so confused and demoralized. 

The whole thing seemed to be tottering and trembling”.  

(Sam Watkins Confederate soldier). 

 

Ken Burns’, “The Civil War”, 1990. 

 

The Battle of Franklin was fought November 30, 1864. It was the last swan song of the 

Western Confederacy. Confederate General John Bell Hood attacked fortified Union 

positions under Union General John M. Schofield outside the city of Franklin, Tennessee. 

It was Hood’s last desperate attempt to gain a decisive victory in the west, but it, and the 

subsequent battle of Nashville would turn out to be the worst disaster of the Civil War in 

the west for the Confederates. Despite the memories of two disastrous Union frontal 

assaults and defeats against strongly fortified positions, at Fredericksburg under 

Ambrose Burnside and at Cold Harbour under Ulysses S. Grant, Hood now decided on 

an all or nothing frontal assault on the Union position at Franklin. The Civil War had 

thus come to set the pattern of mindless repeated direct assaults against well fortified 

positions, that would culminate in the horrific strategies of the First World War, two and 

a half generations later.  

 

The assault of six divisions numbering almost 20,000 men was the western Confederacy’s 

version of “Pickett’s Charge”. It resulted not only in devastating losses of veteran troops 

that could not be afforded by the South, but also a devastating loss in Confederate 

leadership. Civil War commanders, Northern and Southern alike, fought alongside their 

men, (unlike those of the First World War) and consequently attrition rates amoung 

commanders was staggeringly high. Confederate casualties at Franklin included twelve 

generals. The loss in high level leadership drastically reduced the fighting effectiveness 

of the Army of Tennessee. The badly mauled Confederate force was actually left in 

control of Franklin, (and so technically a “victory” - Pyrrhic in the extreme) but 

Schofield’s army was able to withdraw back to Nashville, to join up with George 

Thomas’s army encamped there. 

 

Hood, despite his mauling, then advanced somewhat optimistically it need hardly be said, 

to meet the combined armies of Thomas and Schofield at Nashville. Though his courage 

and that of his men, cannot be questioned, it is unclear why he should have set out after a 



Union army that now totaled almost 60,000 men, while his own force was barely half that 

number. No doubt Hood was a firm believer in the Southern dogma that one Southern 

soldier was worth ten Unionist. General George H. Thomas, saw his chance to finish the 

rebels and on December 15 1864, attacked Hood’s entrenchments outside Nashville. He 

won such a decisive victory, that the Army of Tennessee, ceased to be an effective fighting 

force, for the rest of the war. Jefferson Davis removed Hood from command, and 

returned - what was left of it - it back to General Joseph E. Johnston, who retreated back 

into the Carolinas. 

 

In our fight against that intractable rebel, type II diabetes mellitus, we may hope for 

ultimate control through a lowering of the stubborn resistance of the tissues to the action 

of insulin. General Thomas, was able to win the battle Nashville in large part because of 

the far lower resistance the Confederate army was able to put up following its terrible 

losses at the battle of Franklin, just the month previous. And so it may be with our old 

medical adversary. In the novel agent Pioglitazone, we may have our Franklin! By the 

lowering of tissue insulin resistance, final glycemic victory will be made so much the 

easier.         

 

Behind Confederate Army Lines at The Battle Of Nashville, Tennessee.  

Collodion photograph, George N. Barnard, November, 1864.   



PIOGLITAZONE 
 

Introduction 

 

Pioglitazone is a thiazolidinedione class, oral antidiabetic agent that acts primarily by 

decreasing insulin resistance. 
 

Pioglitazone is indicated for: 

 

1. Type 2 diabetes, alone.  

 

2. Type 2 diabetes with: 

 

 ● Metformin and/or a sulfonylurea 

 

 ● Insulin 

 

History 

 

Ciglitazone was the prototype thiazolidinedione compound developed by the Japanese 

pharmaceutical company, Takeda Pharmaceuticals in the early 1980s. It was never 

introduced into clinical practice because of its toxicity in animals.  

 

Other compounds including pioglitazone and rosiglitazone were subsequently developed 

with less toxicity that could be used in clinical practice.  

 

Chemistry 

 

The thiazolidinediones, also known as glitazones after the prototypical drug ciglitazone 

are a class of heterocyclic compounds consisting of a five-membered C3NS ring 

 

 

 

 

 

 

 

 

 

 

 

 

 

The glitazone C3NS ring functional group 

Classification 

 

There are currently 6 classes (6 oral and one injectable within the Incretin-based 

therapies) of non-insulin hypoglycemic agents available in Australia:  



 

The two principle classes are: 

 

1. The Biguanides: 

 

These agents act by reducing hepatic glucose production (i.e. gluconeogenesis) 

and increasing the peripheral utilization of glucose. 

 

Examples include:  

 

 ● Metformin  

 

2. The Sulphonylureas: 

 

These agents act by increasing pancreatic insulin secretion and also possibly by 

enhancing peripheral sensitivity to insulin: 

 

Examples include: 

 

 First generation: 

 

 ● Tolbutamide (no longer used)  

 

 Second generation, (more potent, lower doses): 

 

  ● Glibenclamide 

 

 ● Gliclazide  

 

 ● Glipizide 

 

 Third generation: 

 

 ● Glimepiride 

 

Other newer agents with less clinical experience include: 

 

3.  Incretin-based therapies: 

 

 Dipeptidyl peptidase - 4 inhibitors (i.e. DPP - 4 inhibitors or “Gliptins”): 

 

These agents increase the concentrations of incretin hormones (GLP-1 and GIP) 

that are produced in the gut following ingestion of food; GLP-1 stimulates insulin 

release, and reduces glucagon secretion. 

 

 Examples include:  

 

● Alogliptin 



 

● Linagliptin 

 

● Saxagliptin 

 

● Sitagliptin  

 

● Vildagliptin 

 

 Glucagon-like peptide-1 (GLP-1) receptor agonists: 

 

These agents are synthetic analogues of GLP-1; they increase insulin secretion 

and reduce glucagon secretion and also cause a small reduction in appetite.  

 

 Examples include:  

 

 ● Exenatide 

 

 ● Liraglutide 

 

4. Glucosidase inhibitors: 

 

These agents reduce the breakdown of complex carbohydrate in the gut, thereby 

reducing absorption of carbohydrate and hence insulin requirements 

 

Examples include: 

 

 ● Acarbose.  

 

5. Thiazolidinediones (or “Glitazones”): 

 

These agents reduce peripheral insulin resistance and hence insulin requirements 

 

Examples include: 

 

 ● Pioglitazone 

 

 ● Rosiglitazone 

 

6. Sodium-glucose co-transporter 2 (or SGLT2) inhibitors (or “Gliflozins”): 

 

These agents reduce glucose reabsorption in the kidneys. 

 

 Examples include:  

 

 ● Dapagliflozin 

  

 ● Empagliflozin 



 

Preparations 

 

Pioglitazone hydrochloride as: 

 

Tablets:  

 

● 15 mg 

 

● 30 mg  

 

● 45 mg 

 

Mechanism of Action 

 

Pioglitazone is an oral thiazolidinedione anti-diabetic agent that depends on the presence 

of insulin for its unique mechanism of action.  

 

Pioglitazone decreases insulin resistance in the periphery and in the liver resulting in 

increased insulin dependent glucose disposal and decreased hepatic glucose output.  

 

Unlike the sulfonylureas, pioglitazone is not an insulin secretagogue.  

 

Pioglitazone is a potent and highly selective agonist for PPAR gamma receptors, (i.e 

peroxisome proliferator activated receptor gamma) a group of intracellular nuclear 

receptors. 

 

PPAR receptors are found in tissues important for insulin action such as: 

 

● Adipose tissue 

 

● Skeletal muscle  

 

● Liver.  

 

Activation of PPARgamma nuclear receptors modulates the transcription of a number of 

insulin responsive genes involved in the control of glucose and lipid metabolism. 

 

By binding avidly to PPAR gamma receptors in adipocytes to promote adipogenesis and 

fatty acid uptake (in peripheral but not visceral fat) thiazolidinediones will reduce 

circulating fatty acid concentrations and lipid availability in liver and muscle. 

 

Thiazolidinediones favorably alter concentrations of the hormones secreted by 

adipocytes, particularly adiponectin. They increase total body fat and have mixed effects 

on circulating lipids. 

 

By so doing these drugs can improve the patient’s sensitivity to insulin. 

 



Although the precise mechanism by which the thiazolidinediones improve insulin 

sensitivity is still not completely understood, a large part of their action is thought to be 

mediated via changes in body fat and its distribution. 

 

Their action, in large part, is mediated by activation of PPARγ and involves redistribution 

of surplus fatty acids to peripheral (as opposed to visceral) fat. This reduces fatty acid 

availability in the circulation as well as in liver and muscle - thus improving insulin 

sensitivity. 

 

Pharmacodynamics 
 

Pioglitazone: 

 

1. Improves sensitivity to insulin in muscle and adipose tissue  

 

2. Inhibits hepatic gluconeogenesis.  

 

The decreased insulin resistance produced by pioglitazone results in:  

 

1. Lower blood glucose concentrations 

 

2. Lower plasma insulin levels: 

 

● This which may be a consequence of improved insulin sensitivity and/or 

 reduced circulating fatty acids (as fatty acids stimulate insulin secretion). 

  

3. Lower HbA1c values. 

 

Additional biological effects of the thiazolidinediones include: 5 

 

1. Increased HDL cholesterol concentrations 

 

2. Increased LDL cholesterol concentrations 

 

3. Increased LDL cholesterol particle size 

 

4. Reduced triglyceride concentrations (particularly pioglitazone) 

 

5. Small reduction in blood pressure 

 

6. Reduced incidence of microalbuminuria 

 

7. Decrease in plasminogen activator inhibitor-1 and fibrinogen 

 

8. Vasodilation/ Increased vascular reactivity 

 

9. Anti-inflammatory effects 

 



All of these effects, except for increased LDL cholesterol concentrations, would be 

regarded as potentially beneficial in regard to the metabolic syndrome and 

cardiovascular disease. 

 

Pharmacokinetics 

 

Absorption: 

 

● Pioglitazone is administered orally. 

 

 The absolute bioavailability following oral administration is approximately 83%. 

 

Distribution 

 

● The mean apparent volume of distribution of pioglitazone following intravenous 

 administration is 0.25 L/kg. 

 

● Protein binding (predominantly to albumin) is high at > 99%.  

 

● It is considered likely that pioglitazone can cross the human placenta 

 

● It is unknown if pioglitazone is excreted into human breast milk.  

 

Metabolism and excretion: 

 

● Pioglitazone undergoes extensive hepatic metabolism by hydroxylation of 

 aliphatic methylene groups.  

 

This is predominantly via cytochrome P450 2C8 and 3A4.  

 

Three of the six metabolites formed are active.  

 

The major circulating metabolite is M-IV (1-hydroxyethyl pioglitazone), accounts 

for most of the drug related material in human plasma and probably accounts for 

much of the therapeutic efficacy. 

 

● Elimination half-life is around 8 - 10 hours for pioglitazone and around  22 - 25 

 hours for its  metabolite.  

 

Indications 

 

Pioglitazone is indicated for: 

 

1. Type 2 diabetes, alone  

 

2. Type 2 diabetes with: 

 

 ● Metformin and/or a sulfonylurea 



 

 ● Insulin 

 

Contra-indications/precautions 
 

These include: 

 

1. Known hypersensitivity or allergy to pioglitazone 

 

2. Ketoacidosis - contraindicated. 

 

3. Type 1 diabetes - contraindicated. 

 

4. Treatment with insulin combination with rosiglitazone is contraindicated 

 (increases risk of heart failure) 

 

5. Acute illness (e.g. coma, infection, trauma) - monitor blood glucose and test 

 ketones; substitute insulin treatment if glycaemic control is inadequate. 

 

6. Osteoporosis (or risk factors) - thiazolidinediones may increase risk of fracture. 

 

7. Heart failure 

 

Thiazolidinediones may worsen heart failure. 

 

● Rosiglitazone is contraindicated in patients with a history of heart failure. 

 

● Pioglitazone is contraindicated in NYHA class II–IV. Use cautiously in 

 NYHA class I; start with a low dose and monitor carefully. 

 

8. Hepatic: 

 

● Avoid use when aminotransferase levels are > 2.5 times upper limit of 

 normal.  

 

9. There is some evidence that suggests pioglitazone may increase the risk of 

 bladder cancer, particularly in patients treated for > 1 year.  

 

● Consider risk factors for bladder cancer (e.g. age, smoking, occupational 

 chemical exposure, uninvestigated macroscopic haematuria) before 

 starting treatment. 

 

Pregnancy 

 

Pioglitazone is classed as a category B3 drug with respect to pregnancy. 

 

Category B3 drug are those Drugs which have been taken by only a limited number of 

pregnant women and women of childbearing age, without an increase in the frequency of 



malformation or other direct or indirect harmful effects on the human fetus having been 

observed. Studies in animals have shown evidence of an increased occurrence of fetal 

damage, the significance of which is considered uncertain in humans. 

 

Published reports describing the use pioglitazone in human pregnancy have not been 

located.  

 

Due to potential adverse effects, dietary modification and insulin therapies should be 

considered as alternative therapies to pioglitazone in pregnant women. 

 

Follow-up and monitoring of both maternal and fetal wellbeing by a multidisciplinary 

team is recommended to ensure good glycaemic control and satisfactory fetal growth. 

 

Breast feeding 

 

Reports describing the use of pioglitazone during breastfeeding have not been located. 

 

Due to potential adverse effects in the breastfed infant, consider an alternative treatment 

or avoid breastfeeding while undergoing pioglitazone therapy.   

 

Adverse Effects 

 

These may include:  

 

1. Myalgia / arthralgia  

 

2. Fluid retention: 

 

 ● Peripheral oedema / weight gain 

 

3. Fractures (including distal limb fractures in women) 

 

4. Elevated liver enzymes 

 

5. Worsening of heart failure heart failure 

 

6. Macular oedema 

 

7. Elevated creatine kinase levels.  

 

Dosing 

 

Usual dosing in adults is:  

 

● Oral, 15 - 30 mg once daily. 

 

May be increased to a maximum dose of 45 mg once daily after 6- 8 weeks of 

treatment if effect is inadequate. 



 

In women, the manufacturer recommends starting with 15 mg once daily (because 

oedema has been reported more frequently in females). 

 

With insulin, start with 15 mg once daily and monitor carefully. 

 

Heart failure (NYHA class I), start with 15 mg once daily, then wait several months 

before increasing the dose. 

 

Stop treatment if no effect after 6 months 

 

Monitoring: 

 

Monitor liver enzymes at baseline, then every 2 months for the first year. 

 

Then periodically monitor or when clinically indicated; stop treatment if jaundice occurs 

or if ALT rises > 3 times ULN 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

The South remembers. Carnton cemetery for the war dead of the Battle of Franklin. 
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