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METFORMIN TOXICITY

“The Romans of the Decadence ”, oil on canvas, Thomas Couture, 1847, Musée d’Orsay,
Paris.

“Crueller, even than war, vice fell upon Rome, and avenged the conquered world”
Juvenal, 2" Century AD.

Around the altar a chorus of Syrian damsels performed their lascivious dances to the sound
of barbarian music, whilst the gravest personages of the state and army, clothed in long
Phoenician tunics, officiated in the meanest functions, with affected zeal and secret
indignation. ...Elagabalus (I speak of the emperor of that name), corrupted by his youth,
his country, and his fortune, abandoned himself to the grossest pleasures with ungoverned
fury, and soon found disgust and satiety in the midst of his enjoyments. The inflammatory
powers of art were summoned to his aid: the confused multitude of women, of wines, and of
dishes, and the studied variety of attitudes and sauces, served to revive his languid
appetites. New terms and new inventions in these sciences, the only ones cultivated and



patronised by the monarch, signaled his reign, and transmitted his infamy to succeeding
times. A capricious prodigality supplied the want of taste and elegance, and whilst
Elagabalus lavished away the treasures of his people in the wildest extravagance...A long
train of concubines, and a rapid succession of wives, among whom was a vestal virgin,
ravished by force from her sacred asylum, were insufficient to satisfy the impotence of his
passions. The master of the Roman world affected to copy the dress and manners of the
female sex, preferred the distaff to the sceptre, and dishonoured the principle dignities of
the empire by distributing them among his numerous lovers; one of whom was publicly
invested with the title and authority of the emperor’s, or, as he more properly styled
himself, of the empress’s husband.

It may seem probable, the vices and follies of Elagabalus have been adorned by fancy, and
blackened by prejudice. Yet confining ourselves to the public scenes displayed before the
Roman people, and attested by grave and contemporary historians, their inexpressible
infamy surpasses that of any other age or country. The license of an eastern monarch is
secluded from the eye of curiosity by the inaccessible walls of his seraglio. The sentiments
of honour and gallantry have introduced a refinement of pleasure, a regard for decency,
and a respect for the public opinion, into the modern courts of Europe; but the corrupt and
opulent nobles of Rome gratified every vice that could be collected from the mighty conflux
of nations and manners. Secure of impunity, careless of censure, they lived without
restraint in the patient and humble society of their slaves and parasites. The emperor, in
his turn, viewing every rank of his subjects with the same contemptuous indifference,
asserted without control his sovereign privilege of lust and luxury.

... The licentious soldiers, who had raised to the throne the dissolute son of Caracalla,
blushed at their ignominious choice, and turned with disgust from that monster, to
contemplate with pleasure the opening virtues of his cousin Alexander the son of Mamaea.
The crafty Maesa, sensible that her grandson Elagabalus must inevitably destroy himself
by his own vices, had provided another and surer support of her family. Embracing a
favourable moment of fondness and devotion, she had persuaded the young emperor to
adopt Alexander, and to invest him, (AD 221) with the title of Caesar, that his own divine
occupations might no longer be interrupted by the care of the earth. In the second rank that
amiable prince soon acquired the affections of the public, and excited the tyrant’s
jealously, who resolved to terminate the dangerous competition...The message was
received in the senate with silence, and in the camp with fury. The Praetorian guards swore
to protect Alexander, and to avenge the dishonoured majesty of the throne. The tears and
promises of the trembling Elagabalus, who only begged them to spare his life, and to leave
him in the possession of his beloved Hierocles...Elagabalus was (AD 222 10" March)
massacred by the indignant Praetorians, his mutilated corpse dragged through the streets
of the city, and thrown into the Tiber. His memory was branded with eternal infamy by the
senate; the justice of whose decree has been ratified by posterity”.

Edward Gibbon, “The History of the Decline and Fall of the Roman Empire”, volume 1,
1776.



In 218 AD the Roman Empire was ruled by an unpopular Emperor by the name of
Macrinus, who had gained the imperial throne by the assassination of his popular, (at least
with the army, if not the senate) predecessor, Caracalla. A focus of opposition to Macrinus,
came from Syria in the east where Julia Maesa, the aunt of the murdered Caracella was
able to win over the legions of the east, by a lavish outlay of her considerable wealth. By
this bribe she convinced the eastern legions to proclaim her grandson Elagabalus,
emperor. Macrinus was a mediocre general at best, and when he went east to confront the
Syrian rebellion, he was defeated and later executed. Elagabalus was installed as the new
emperor. Julia Maesa and her daughter Julia Soaemias, Elagabalus’s mother, were
proclaimed Augustae, in view of the new emperor’s extreme youth. He was just 14 years
old! Overnight the scheming women had become the de facto rulers of the world, the most
influential women in Roman history...or so they thought.

Right from the very beginning of his reign Elagabalus showed an unexpected degree of
precocious independence of his mother and grandmother. Concerning as this was, the
situation became positively alarming when it became apparent that the boy was a total
aberration. In Syria he had held the hereditary priesthood of the Sun-god El-Gabal, the
chief deity of a Semitic sect. Elagabalus ignored the Roman deities and he attempted to
hoist his obscure religion onto the rest of the Empire. In fact so obsessed was he by his Sun
god, he utterly ignored the business of empire. He gave himself over completely to the
worst sorts of parasites and flatterers, and totally immersed himself into increasingly
bizarre rituals and gluttonous feasting that would have put earlier emperors to shame. If
this was not bad enough, it became apparent that he was flamboyantly homosexual. Even
this could have been tolerated, Nero and Commodus after all had “dalliances” with young
boys, but this was strictly as an aside to their heterosexual activities. What made
Elagabalus’s behaviour unbearable was that he was a complete “invert”, he was a passive
homosexual, preferring the “distaff to the sceptre”. Worse still he appeared to have been
completely and totally overt in his sexual preferences. Desperate attempts were made to
inflame his interest in women, through orgies or a succession of arranged marriages, in
which he showed not the slightest interest. Shockingly even a vestal virgin, the most
beautiful in the empire, was forcibly sent to his bed but even she was “insufficient to satisfy
the impotence of his passions”. Things became even worse when he began dressing as a
woman, and took a “husband”, his principle lover, “his beloved Hierocles”. Even then his
lust was not satisfied, according to Cassius Dio, he would, “stand nude at the door of his
room in the palace, as harlots do, and shake the curtain which hung from gold rings, while
in a soft and melting voice he solicited passers by”. Herodian commented that he was in
fact a strikingly good looking youth, yet sadly added that he spoilt his good looks by
appearing in public with painted eyes and rouged cheeks.

The senate and army finally could stand the shame their emperor had brought to them no
longer. A desperate Julia Maesa again connived with the army, this time to elevate her
other grandson, Severus Alexander to the position of Caesar to lessen the influence of
Elagabalus. The army, eager to avoid going back to civil war, agreed that this may help the
situation, but when young Alexander proved far more suitable and popular to both senate
and army Elagabalus grew intensely jealous and ordered him to be killed. This was the
final straw, the senate refused to cooperate and the army took matters into their own
hands. Elagabalus was murdered and his body dragged though the streets and thrown into



the Tiber. Alexander ascended the imperial throne at the age of 14, the same age his cousin
had become emperor. He was a sensitive and pleasing boy, devoted to his mother,
Mamaea, the sister of Julia Soaemias. His grandmother Julia Maesa ruled the empire in
peace until her death in 223. Mamaea then ruled peaceably with her son for a further 12
years.

When type |1 diabetics progress in their disease, a remedy must be found. Often times this
will be in the form of metformin. Often this will be enough to restore the patient to
reasonable health. However, on occasions, like the elevation of Elagabalus to correct the
previous ills of Macrinus, the “cure’ may in fact prove more lethal than the disease. Julia
Maesa showed that it is a women’s prerogative to change her mind, when she abandoned
her grandson, Elagabalus, to the army, and placed on the imperial throne in his stead her
second grandson Severus Alexander. When metformin induces disaster in the form of lactic
acidosis, the time has come to abandon it, and replace it with another more suitable agent.

Gold medallion depicting the Emperor Elagabalus, (218 - 222 AD), Musee du Louvre.



METFORMIN TOXICITY

Introduction

Metformin is a biguanide oral hypoglycemic agent used in the treatment of type II
diabetics.

The major toxicity of metformin is life threatening lactic acidosis

Once this develops there is high mortality especially in the setting of significant co-
morbidities.

Lactic acidosis usually develops with chronic usage where it accumulates in those with
renal impairment but it may also occasionally occur in the setting of acute large
overdose.

Early recognition and hemodialysis are life saving.

See also separate document on metformin (in Drugs folder).

Toxicology

The predominant action of biguanides is to reduce insulin resistance, (by stimulating
peripheral glucose uptake) the major abnormality in type 2 diabetes.

The biguanide metformin will also inhibit gluconeogenesis thus decreasing hepatic glucose
production. Both these mechanism may result in hypoglycemia.

The exact mechanism by which it produces lactic acidosis is unclear.

Pharmacokinetics

Absorption

° Metformin is rapidly and well absorbed following oral administration

Metabolism and elimination

° It is important to note that metformin is not metabolized and is entirely renally
excreted and accumulates in patients with renal insufficiency.

° It should not be used in patients with a creatinine clearance < 30 mL/minute.

° Special caution should be taken in elderly, who may have significantly impaired
renal function at this level of creatinine.



° Patients taking metformin should have their renal function monitored at least
annually.

° The plasma half-life of metformin ranges from two to six hours after oral
administration in healthy volunteers

Risk Assessment

Lactic acidosis developing in a patient on metformin usually occurs in the context of acute
renal impairment or severe sepsis. This condition is life threatening with a mortality that
exceeds 50%.

Metformin overdose is usually benign, however severe lactic acidosis may still
occasionally occur and should be anticipated.

The threshold dose for potential toxicity is not well defined but is thought to be over 10
grams.

Lactic acidosis is more likely to develop in acute overdose where if there is pre-existing
renal impairment or where co-ingestants result in impaired renal perfusion.

Risk factors for the development of metformin induced lactic acidosis include:

1. Elderly
2. Renal impairment
3. Higher doses of metformin (above 2 grams per day).

4 Dehydration

5 IV contrast material

6 IHD/ CCF

7 Hepatic impairment (severe)

8 Alcohol abuse.

9 States of hypoxia and/or shock / sepsis where lactic acidosis is likely to develop.

In children ingestions of less than 1700 mg of metformin do not cause toxicity.

Clinical Features

Clinical effects of acute overdose can include:



GIT upset:
° Nausea and vomiting.
Hypoglycemia:

° When used in monotherapy, metformin (and other insulin sensitizers,
biguanides or glitazone) are unlikely to cause hypoglycaemia.

° However, when used in combination with insulin secretogogues they can
induce hypoglycaemia.

Lactic acidosis:
° This is uncommon, however is potentially the most serious complication.
The clinical features of lactic acidosis are non specific but the patient will

appear to deteriorate with nausea, vomiting, altered conscious state,
dyspnoea, tachycardia and hypotension.

Investigations

1.

2.

4.

FBE

U&Es/ glucose

Consider co-ingestion in cases of overdose, blood alcohol and paracetamol.

ABGs and serum lactate

° This is indicated in any patient who deteriorates clinically following
metformin overdose, or any patient who appears significantly unwell whilst

on metformin chronically.

ECG

Management

1.

2.

Attention to any immediate ABC issues
Hypoglycaemia

° Treat any hypoglycaemia as required, though this is unlikely to occur in
acute ingestions taken in isolation.

Charcoal:



° This can be given to alert and co-operative patients within 2 hours of
deliberate self-poisoning of > 10 grams of metformin.
4. Lactic acidosis:

Its onset can be insidious so patients should at least have an 8 hour period of
observation in hospital.

Should lactic acidosis develop:

° Treat any possible underlying aggravating factors such as dehydration,
hypotension or hypoxia.

° Bicarbonate may be considered in severe cases but its usefulness in this
setting has not been established.

Hemodialysis:

° This used to correct lactic acidosis and remove the accumulated
metformin.

° Early dialysis will prevent a fatal outcome in cases of lactic acidosis.

° It is indicated in any patient with worsening acidosis and rising lactate
concentration 2
The exact threshold for dialysis in clinically well patients is not well
defined.
In overdose cases, it may be safe to tolerate lactates up to 10 mmol/L
provided the patient has normal renal function and is clinically stable.

Disposition:

Deliberate self-poisoning with more than 10 grams of metformin mandates admission for
observation for the development of lactic acidosis.

If a standard release preparation has been taken then observation should be for at least 8

hours.

If an extended release preparation has been taken then observation should be for at least

12 hours.

Lactic acidosis cases or even potential cases should be discussed with ICU early.



The Roses of Heliogabalus (Elagabalus), oil on canvas, Sir Lawrence Alma-Tadema, 1888,
private collection.

According to the Historia Augusta, Elagabalus decided on one occasion to rid himself of
some enemies. True to his bizarre personality he decided to do this by the unusual method
of concealing a vast amount of rose petals hidden in a false ceiling. When the ceiling was
opened tons of rose petals came down on top of the group burying and suffocating them.
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